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ABSTRACT 
 
People with Parkinson’s disease (PD) are twice as likely to develop flexed truncal 
posture as the general older population, however little is known either about the 
mechanisms responsible for, or the effect of flexed posture on physical performance in 
people with PD. In the general older population, musculoskeletal changes such as 
vertebral fractures and degenerative disc disease are commonly associated with greater 
flexed posture, but additional mechanisms are likely to underlie the higher incidence of 
flexed posture in the PD population. In the general older population, greater flexed 
posture is associated with poorer performance of a number of activities of daily living, 
poorer quality of life and higher mortality. It is therefore important to improve our 
understanding of both the relationship between PD impairments and truncal posture and 
the extent to which flexed posture is associated with activity limitations in the PD 
population.  
 
This thesis contains two studies which aimed to explore the associations of the motor 
and non-motor impairments of PD with flexed posture, and to investigate the 
associations of flexed posture with activity performance in people with PD. In order to 
explore these relationships, a reliable measure of truncal posture is needed, thus the 
test-retest reliability of a clinical measure of posture was evaluated. 
 
Study 1 was a cross-sectional study of 82 people with mild-moderate PD where posture 
was measured as the distance between the 7th cervical vertebra (C7) and a wall against 
which participants stood. The C7 to wall measure of truncal posture demonstrated 
excellent test-retest reliability (ICC3,1 0.79, 95% CI 0.60-0.89, p<0.001) confirming that 
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it is suitable for clinicians to use to assess and monitor truncal posture in people with 
PD. The relationship between flexed posture and motor impairments: global axial 
impairments (i.e., axial rigidity, gait disorder and postural instability), tremor, 
bradykinesia, rigidity, freezing of gait (FOG), and reactive stepping; as well as 
executive function were investigated using univariate and multivariate linear regression 
analyses. This revealed a significant association between axial impairments and flexed 
posture (adjusted R2=0.08, p=0.01). Axial impairments continued to make an 
independent contribution in the multivariate linear regression model containing age, 
axial impairments, tremor, rigidity, bradykinesia, FOG, reactive stepping, and executive 
function, which explained 14% of the variability in flexed truncal posture (adjusted 
R2=0.14, p=0.01). None of the cardinal motor impairments of PD (i.e. bradykinesia, 
rigidity, tremor and postural instability) were associated with flexed posture when 
considered individually. 
 
Study 2 was a cross-sectional study of 70 people with mild-moderate PD where the 
non-motor impairments of cognition, depression, pain, fatigue and proprioception were 
assessed to determine their contribution to flexed posture. Greater disease severity, 
greater axial impairment, poorer spinal proprioception, greater postural fatigue and 
male gender were significantly associated with flexed posture (p<0.05). The 
multivariate model containing these factors in addition to age explained 31% of the 
variability in flexed posture, with male gender and axial motor impairment continuing 
to make independent contributions.   
 
The relationships of flexed posture with activity limitations were explored in both 
studies contained in this thesis. Univariate regression analyses revealed small 
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significant associations between flexed posture and many of the balance and mobility 
tasks: functional reach, lateral reach, single leg stand, co-ordinated stability score, 
single- and dual-task timed up and go (TUG) test and choice stepping reaction time 
(adjusted R2 = 0.05-0.142, p=0.001-0.02). The multivariate model containing truncal 
posture and adjusted for disease severity, disease duration, age and gender revealed 
small to moderate associations with all balance and mobility tasks (adjusted R2=0.24-
0.33, p<0.001-0.03) and truncal posture continued to be independently associated with 
performance in functional reach, co-ordinated stability and single-task TUG 
(standardised β = -0.33-0.27, p=0.002-0.04). 
 
Univariate regression analyses revealed that greater flexed posture was significantly 
associated with poorer performance of upper limb tasks (9-hole peg test adjusted 
R2=0.14, p=0.001; box and block test adjusted R2=0.15, p=0.001) and lung capacity as 
measured by forced vital capacity (FVC), an indicator of restrictive lung dysfunction 
(adjusted R2=0.18, p<0.001). The multivariate models containing truncal posture as 
well as other factors known to impact performance, i.e. age and disease severity, 
revealed significant associations with both upper limb tasks (9-hole peg test adjusted 
R2=0.29, p<0.001; box and block test adjusted R2=0.32, p<0.001), and posture 
continued to make an independent contribution (9-hole peg test standardised β=0.26, 
p=0.02; box and block test standardised β=-0.26, p=0.01). There was a small 
association between flexed posture and FVC (adjusted R2=0.16, p=0.002) and again, 
flexed posture made an independent contribution (standardised β=-0.41, p=0.001).  
 
From this work, it is evident that the axial motor impairments of PD demonstrate a 
significant association with flexed posture. Additionally, the non-motor impairments of 
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spinal proprioception and postural fatigue as well as age, disease severity and male 
gender make small but significant contributions. Despite the identification of these 
factors, much of the variance in flexed posture remains unexplained so further work is 
required to identify other factors which may contribute to the high incidence of flexed 
posture in people with PD. Additional non-motor impairments such as apathy and sleep 
disturbances, as well as the association of sedentary behaviour and bone mineral density 
with flexed posture are all areas worthy of further investigation. Given the negative 
influence of flexed posture on a range of activities including gait, balance and upper 
limb task performance, clinicians should assess and monitor truncal posture in people 
with PD. Interventions to improve flexed posture may include exercise, education and 
interventions targeting spinal proprioception. 
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PREFACE 
 
This thesis is arranged into 4 chapters containing 2 studies, both presented as journal 
articles. Chapter 1 is an introduction to the thesis and provides an overview of the 
current literature regarding potential contributors to flexed posture in both the general 
older population and in people with Parkinson’s disease (PD). It also reviews the 
measurement tools available to assess flexed posture and examines the potential 
influence of flexed posture on activity.  
 
Chapter 2 (Study 1) explores the association of the motor impairments of PD with 
flexed posture, as well as the association of flexed posture with balance and mobility. 
It consists of a sub-analysis of data from a previously conducted, larger cross-sectional 
study and is presented in the form in which it has been published in the Journal of 
Neurologic Physical Therapy. Chapter 3 (Study 2) explored the association of the non-
motor impairments of PD with flexed posture, as well as the association of flexed 
posture with activity limitations. It is presented in the form required by Physical 
Therapy Journal where it has been accepted for publication. 
 
Chapter 4 summarises the main findings of the thesis, discusses the limitations, 
directions for future research and clinical implications. References for Chapters 1 and 
4 are presented in the reference list at the end of the thesis. References for Chapters 2 
and 3 are presented at the end of each of those chapters. Appendences which were 
published online as supplementary material or contain details of methods relating to 
that study are presented at the end of the respective chapter. Additional relevant 
material including participant information sheets and consent forms as well as the study 
-xv- 
protocol for Study 2 are presented at the end of the thesis. Ethical approval from The 
University of Sydney Human Ethics Committee was granted prior to data collection for 
the two studies involving participants that are presented in this thesis.  
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CHAPTER 1 
BACKGROUND TO THE PROJECT 
Parkinson’s disease (PD) is a chronic, neurodegenerative disease associated with a loss 
of dopamine producing cells in the substantia nigra of the basal ganglia1 and the formation 
of Lewy bodies comprised of the protein alpha-synuclein.2 It is the second most common 
neurodegenerative disorder after Alzheimer’s disease, affecting nearly 70,000 people in 
Australia in 2014. An expected growth in prevalence of 4% per annum will see this 
number rise to nearly 125,000 by 2034.3 There is no known cure although medication is 
effective in managing some of the symptoms for many years and deep brain stimulation 
surgery is becoming more common.4 Nevertheless, both motor and non-motor 
impairments persist and result in significant disability, reduced quality of life and place a 
substantial burden on carers and the healthcare system.3 
Flexed truncal posture is twice as common in people with PD than in the general older 
population5,6 but little is known about the mechanisms responsible for this. In the general 
older population, greater flexed truncal posture adversely affects the performance of 
many everyday activities including gait and balance and has been associated with a higher 
risk of falls. However, the impact of flexed posture on activity performance in people 
with PD is largely unknown. 
This introductory chapter identifies possible contributors to flexed truncal posture in the 
general older population, followed by a review of additional potential contributors 
associated with PD. The associations of flexed truncal posture with activities and 
participation in the general older population are then described, with some insights into 
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the potential impact on people with PD. Lastly, interventions to treat flexed truncal 
posture will be discussed. 
Two experimental chapters are included in this thesis. Chapter two (Study 1) 
demonstrates the reliability of a simple measure of standing posture in people with PD; 
reports the association of motor impairments of PD with flexed posture; and the 
association of flexed posture with gait and balance tasks. Chapter three (Study 2) builds 
on the work of study 1 and reports the association of both motor and non-motor 
impairments of PD with flexed posture; and the association of flexed posture with the 
performance of additional activities such as upper limb tasks, bed transfers and respiratory 
function.  
Chapter four summarises the main findings, notes the limitations of this research and 
makes suggestions for further research in this area. The clinical implications of the 
findings are also discussed, with recommendations for clinicians involved in the care of 
people with PD. 
 
PARKINSON’S DISEASE IMPAIRMENTS 
There is no single diagnostic “test” for PD, rather a clinical diagnosis of PD is dependent 
on the presence of bradykinesia plus either rest tremor or rigidity.7 However, significant 
neurodegeneration occurs prior to the emergence of these motor signs, and non-motor 
impairments may be the first symptoms to appear.8 
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Motor impairments 
The cardinal signs of PD are bradykinesia, tremor, rigidity and postural instability. 
Bradykinesia is the slowing and reduction in amplitude of movement7 and manifests itself 
in several ways such as reduced step length and arm swing, loss of facial expression, 
reduced blinking and difficulty with many fine motor tasks such as handwriting and doing 
up buttons.1 The tremor observed in PD is most commonly a resting tremor at a frequency 
of 4 to 6 Hz and is experienced by approximately 70% of people with PD.9 It typically 
begins unilaterally in a hand but may also involve the lips, chin, jaw and legs. For most, 
the tremor disappears during sleep or movement, although some people experience tremor 
with postural holding or during movement.1,9 Rigidity is an increase in resistance to 
passive movement independent of velocity7 and can occur at both proximal and distal 
joints. Although postural instability is evident early in the disease,10 it worsens with 
disease progression and is a significant contributor to the high falls rate observed in 
people with PD.1  
Freezing is another disabling phenomenon which is experienced by many, but not all 
people with PD, particularly later in the course of the disease.11 Those affected experience 
transient difficulty initiating movement or maintaining a movement such as walking, with 
freezing of gait being another significant contributor to falls.12 Additional motor features 
of PD include reduced muscle strength,13 postural abnormalities,14 as well as speech and 
respiratory disturbances.1 Some of these features can be grouped together as “axial” 
features including gait disorder, postural instability and axial rigidity.15 Other authors also 
include facial expression, speech and swallowing disturbances amongst these axial 
features.16  
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Non-motor impairments 
Non-motor impairments have not been historically well understood, but they are 
becoming increasingly recognised and may well pre-date the onset of motor impairments. 
Indeed, as the average age and life expectancy of the general population increases, they 
are likely to become increasingly significant early manifestations of PD.17 Like motor 
impairments, the non-motor impairments of PD can fluctuate.18 
Cognitive and mood disturbances are common and include PD related dementia, 
depression, apathy, anxiety and hallucinations.1 Even early in the course of the disease, 
subtle cognitive changes occur19 and a systematic review suggested that 24 to 31% of 
people with PD have dementia.20 Depression is much more common in people with PD 
than without, with an average reported prevalence of 35%.21 Fatigue affects 33-70% of 
people with PD22 and many identify it as one of their most disabling impairments23 even 
when considering the motor impairments. Sleep disturbances are highly prevalent in PD 
and can include insomnia, motor restlessness and excessive day time sleepiness.24 The 
causes of sleep disorders are multi-factorial and include motor impairments experienced 
overnight including tremor, dyskinesia, akinesia24 and difficulty changing position.25 
Poor sleep is likely to contribute to the fatigue experienced by people with PD.25 
Sensory impairments including altered sensation and pain are other common non-motor 
symptoms experienced by many people with PD. Sensory disturbances including 
akathisia, tightening and tingling can be very distressing. They are typically associated 
with fluctuations in medication levels.26 Pain is present in a large proportion of people 
with PD, with figures cited in the literature ranging widely but likely to be at least 30-
50%.27 The mechanisms underlying pain in PD are poorly understood and likely to be 
multi-factorial.27  
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Autonomic dysfunction can occur throughout the course of the disease. Constipation is 
commonly reported prior to the onset of motor symptoms28 whereas orthostatic 
hypotension, urinary and sexual dysfunction tend to occur later in the course of the 
disease.24 
Many of the motor and non-motor impairments outlined above may contribute to the 
development of flexed posture in PD. The following section will explore potential 
contributors to flexed posture in the general older population and in people with PD. 
 
FLEXED POSTURE 
The terms hyperkyphosis, increased thoracic kyphosis, stooped posture and even 
dowagers hump are all used to refer to excessively flexed truncal posture. Throughout 
this thesis, the terms “flexed posture” or “flexed truncal posture” will be used.  
 
Incidence and prevalence 
The human spine has 3 curves in the sagittal plane: cervical lordosis, thoracic kyphosis 
and lumbar lordosis. With aging, the thoracic convexity tends to increase,29,30 more 
rapidly in women than in men.29 Whilst there is no clear, uniform threshold beyond which 
the kyphosis is considered excessive, some authors have suggested a definition of 
“hyperkyphosis” is applied once the kyphosis angle exceeds 40 degrees, which is the 95th 
percentile for young adults.29 The exact incidence and prevalence is unclear, with reports 
varying from 20-40% of older adults in the general older population,31-33 and up to 73% 
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in people with PD.5 Conservative population prevalence rates are estimated at 5-20% 
based on the prevalence of vertebral deformities.34  
 
Camptocormia 
Camptocormia, also known as bent spine syndrome, presents as extreme forward flexion 
of the thoracolumbar spine,35 caused by progressive weakness of the spinal extensor 
muscles.36 It is not a fixed deformity, typically worsening during gait and resolving when 
supine.37 It’s aetiology is unclear, with both peripheral and central nervous system 
disturbances suggested as possible causes.37 Treatment is determined by the underlying 
cause but is frequently ineffective.37 Camptocormia is a pathological condition, and is 
different to the more benign flexed posture being discussed in this thesis. 
 
Potential contributors to flexed posture in the general older population 
Vertebral fractures, degenerative disc disease, back extensor muscle weakness and 
habitual posture are the most likely contributors to flexed truncal posture in the general 
older population, but genetics, sensory deficits and lifestyle factors may also play a role.6 
Vertebral fractures, in particular thoracic wedge fractures,30 were historically thought to 
be the primary contributors to increased flexed posture, but whilst they are certainly one 
contributor, newer evidence has revealed that numerous other mechanisms may also 
contribute.38,39 A large study of 6,459 women found that those with greater thoracic 
kyphosis were more likely to have thoracic vertebral fractures, and that multiple thoracic 
fractures were associated with even greater thoracic kyphosis.30 However, a study of 
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1,407 older adults found that whilst the prevalence of vertebral fracture increased with 
greater thoracic kyphosis, only 36% of men and 37% of women with the most severe 
flexed posture had vertebral fractures, and an even smaller number had osteoporosis.39 
To complicate the situation further, greater thoracic kyphosis itself is a risk factor for 
vertebral fractures.40 Even in the absence of vertebral fractures, low bone mineral density 
is associated with increasing thoracic kyphosis angle and is a strong predictor of kyphosis 
progression.38 Thus whilst vertebral fractures may result in flexed truncal posture, they 
are certainly not the sole contributor. 
Degenerative disc disease rather than vertebral fractures is the most common radiographic 
finding associated with increased thoracic kyphosis.39 Ex-vivo analysis has demonstrated 
that the morphology of the intervertebral discs contributes to the thoracic curvature,41 and 
a significant correlation exists between anterior disc height and kyphosis angle.42 A large 
retrospective cohort study reported that whilst there was a significant correlation between 
degenerative disc disease and baseline kyphosis, degenerative disc disease did not predict 
kyphosis progression over the 15 years of the study.38 Low bone mineral density and 
incident vertebral fractures were both independent determinants of kyphosis progression, 
along with low body weight and weight loss.38 
The intervertebral ligaments provide stability to the spine, but with normal aging they 
lose elastic tissue, calcify and ossify.43 The anterior longitudinal ligament can also calcify 
and ossify in a condition known as diffuse idiopathic skeletal hyperostosis which is 
associated with a greater degree of kyphosis.44 This loss of elasticity and increase in 
stiffness of the spine makes it harder for older people to achieve and maintain an erect 
posture.45  
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The spinal extensor muscles appear to play an important role in the maintenance of 
thoracic posture. Numerous studies report an inverse relationship between spinal extensor 
strength and the severity of flexed truncal posture.46-48 Computerised tomography 
analysis has found that reduced spinal extensor muscle density is associated with greater 
thoracic kyphosis.49 Interventions to strengthen the spinal extensors result in 
improvements in posture,50,51 providing further evidence to support the importance of the 
back extensors. It is not known however, whether the reduced strength of the extensors 
results in a more flexed truncal posture due to their inability to sufficiently extend the 
trunk, or if a prolonged flexed posture results in the reduced ability of the extensors to 
generate torque because of changes to their alignment.52 There is likely an interplay 
between bone mineral density, vertebral fractures, disc disease and spinal extensor 
strength, whereby good spinal extensor muscle strength may protect against the 
development of excessively flexed posture.53 
In contrast to the spinal extensors, the strength of the trunk flexor muscular is unchanged 
in flexed posture.46 However, shortening of the anterior musculature of the hip flexor and 
pectoralis major muscles48 has been observed. Again, it is unclear if this contributes to or 
is a result of flexed truncal posture. 
Proprioception deteriorates with age,54 and impacts posture55 as feedback from the trunk 
influences the muscle activity necessary to maintain upright posture. In a small study of 
healthy and osteoporotic women, reduced joint position sense was associated with a 
greater degree of thoracic kyphosis for both groups.46 The ability to actively correct 
posture reduces as one ages due to greater postural stiffness.45 This loss of ability 
combined with the reduced awareness of posture makes it plausible that habitual poor 
posture could result in long term alterations to truncal posture. Habitual poor posture may 
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contribute to a reduction of spinal extensor muscle strength as mentioned earlier, and to 
greater loading on the anterior aspect of the intervertebral discs and vertebral body. This 
predisposes them to anterior fracture and disc degeneration, and consequent flexed truncal 
posture.56 
Several other genetic and lifestyle factors show small but significant associations with 
increased kyphosis. A large retrospective cohort study found that women with a family 
history of greater flexed truncal posture are more likely to have greater kyphosis.38 The 
authors also reported that weight loss was associated with greater flexed posture, likely 
due to the loss of lean muscle mass. In addition, low physical activity levels were 
associated with greater flexed truncal posture, suggesting that a sedentary lifestyle may 
be another risk factor.57 Furthermore, links have been found between cognition and 
posture in older adults, in particular an association between poor verbal memory 
performance and stooped posture.58 Similarly, fatigue and depression have been found to 
be higher in people with greater flexed posture.48 Given the retrospective nature of many 
of these studies, it is not possible to determine whether these factors contribute to, or are 
a consequence of flexed truncal posture. The findings are also constrained by the factors 
the various authors chose to investigate and may not be an exhaustive analysis of the 
potential contributors to flexed posture in the general older population. However, the 
review of this literature has revealed some consistent findings which help inform our 
research into potential contributors in the PD population. 
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Potential contributors to flexed posture in the Parkinson’s disease population 
The typical posture associated with PD is one of a stooped, forward flexed trunk, with 
mild flexion of the knees and elbows.59  When James Parkinson first described PD in 
1817, he wrote of a “propensity to bend the trunk forward”.60 Increased flexed posture 
occurs in up to 73% of people with PD,5 and tends to worsen over time.61 In addition, 
people with PD may experience a range of other postural abnormalities of varying 
severity. These include antecollis (dropped head), Pisa syndrome (lateral flexion), and 
hand and foot “striatal” deformities.14 Camptocormia in PD was first described by 
Djaldetti (1999) as “a disorder characterized by extreme flexion of the thoracolumbar 
spine which increases during walking and disappears in the recumbent  position”.62p443 It 
is viewed by some authors as an extreme form of flexed posture,59 and as a separate entity 
by others.15 Recent work has suggested that flexed truncal posture sits part way along a 
continuum between normal posture and camptocormia.63 The extreme form of flexed 
posture, i.e., camptocormia and the additional postural conditions listed above are outside 
the scope of this thesis. 
Flexed truncal posture is both more common5 and more pronounced in PD. In addition to 
the aforementioned age-related factors, additional factors must contribute to this 
increased prevalence. Amongst people with PD, age61,64 and disease severity61,65 have 
been shown to be associated with postural disorders affecting the trunk, with the incidence 
increasing markedly with more advanced PD (Hoehn and Yahr stage 4).64 There are 
conflicting findings with respect to age at disease onset, with one study reporting an 
association between flexed truncal posture and older age at disease onset64 and another 
with younger age.61 The potential associations of flexed posture with the motor and non-
motor impairments of PD shall be considered separately in the following section. As for 
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the research in the general older population, most of the studies discussed here are 
retrospective and cross sectional in nature and none are longitudinal. Additionally, most 
relate to people with mild to moderate disease severity, so the findings cannot be 
generalised to people with more advanced disease.  
 
 Motor impairments 
With respect to motor impairments, rigidity is one of the cardinal motor signs which is 
often cited as a cause of flexed posture.14,59 However, there is little evidence to support 
this suggestion. One small study administered apomorphine to participants who were 
“off” medication. They observed an improvement in the posture score of the Unified 
Parkinson’s Disease Rating Scale (UPDRS) in 6 of the 8 participants, alongside a 
reduction in neck rigidity in all participants.66 In contrast, another small study showed no 
relationship between axial rigidity and the posture item of the UPDRS. They used an 
instrumented measure of axial stiffness and whilst they found that the participants with 
PD all had greater axial rigidity at both the hip and trunk than age-matched controls, this 
was unchanged following the administration of levodopa.67 Indeed, it has been suggested 
that non-dopaminergic pathways are responsible for the axial symptoms such as 
swallowing, gait and postural disorders which occur later in the disease and are poorly 
responsive to levodopa.16 Interestingly, the authors suggest that the increased rigidity at 
the hips may be caused by the stooped posture rather than the converse, as the anterior 
shift in the centre of mass of the upper body requires higher torque generation by the 
trunk and hip extensors to maintain standing.67 
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It has also been suggested that flexed posture could be a compensation for some of the 
motor impairments of PD, particularly for bradykinesia and postural instability.68,69 
Adopting a flexed posture might facilitate step initiation in people with freezing of gait 
(FOG),68 as the centre of mass is further forward, thereby requiring smaller amplitude 
anticipatory postural adjustments to initiate gait.70 People with PD are known to have 
reduced balance, and it is possible that flexed posture may also be a compensatory 
mechanism to protect against backward displacement of the centre of mass.69,71  
Dystonia is a less likely contributor to flexed posture, tending to affect the limbs in people 
with young onset PD,14 although it has been implicated in the development of 
camptocormia16 and Pisa syndrome.72 Similarly, whilst myopathy affecting the spinal 
extensor muscles has been proposed as a possible mechanism,14 there is no clear evidence 
that this occurs or indeed, why it might occur in people with PD with any greater 
frequency than the general population. 
 
Non-motor impairments 
Non-motor impairments have been largely ignored as potential contributors to flexed 
posture in PD. However, several non-motor impairments which are common in people 
with PD have the potential to contribute, including impaired proprioception, pain, 
changes in bone mineral density, depression, fatigue and impaired cognition. Indeed, non-
motor impairments are more common in people with greater axial impairment,73 which is 
thought to be associated with flexed posture.74 
Proprioception in people with PD is known to be impaired in the limbs75-77 and is likely 
to be affected in the trunk as well. Vaugoyeau and colleagues (2007) performed a study 
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whereby participants stood on a platform which was subjected to very small angular 
perturbations, below the threshold of the vestibular system. Control participants were able 
to attenuate the oscillations both with eyes open and closed. In contrast, people with PD 
followed the movement of the platform rather than remaining vertical, even more so when 
their eyes were shut.78 This increased reliance on vision suggests a reduced ability of 
people with PD to effectively use proprioceptive information to maintain postural 
orientation. People with PD also exhibit a compromised sense of subjective visual 
vertical, which is associated with greater postural instability79 and these proprioceptive 
impairments could contribute to flexed posture in PD. 
Many people with PD experience pain, most commonly back pain, with 60-70% of people 
reporting lumbar or thoracic back pain.80,81 Whilst low back pain is also common amongst 
the general older population, studies suggest a lower figure of around 30%.82 It is 
plausible that the presence of back pain alters posture as people adopt the most 
comfortable position. Over time, secondary musculoskeletal changes may occur leading 
to fixed postural deformities. Back pain has been correlated with greater severity of flexed 
posture in people with camptocormia, 32,35 and a study of 400 people with PD reported 
worse UPDRS posture scores in those with low back pain than without.83 These findings 
provide support for an association between back pain and postural changes in PD. 
People with PD are known to have lower bone mineral density than the general older 
population for a variety of reasons including reduced mobility, low vitamin D levels, side 
effects of medication, low body mass and reduced muscle strength.84 The risk of 
osteoporosis is higher in men than in women for those with PD,85 in contrast to the general 
population where it is more common in women.86 Osteoporosis in people with PD has 
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been correlated with severity of flexed posture.61 Thus, reduced bone mineral density may 
be an important risk factor for the development of flexed posture in people with PD. 
Fatigue, cognitive impairment and mood may also contribute to flexed posture in PD. 
Fatigue is a common complaint reported in case studies of people with PD and 
camptocormia87,88 and an association between fatigue and axial symptoms has been 
reported.89 However the association between fatigue and mild to moderate flexed posture 
has not been established. Similarly, reduced cognition has been identified as a correlate 
of flexed posture in those with camptocormia,64 with an increased incidence of 
camptocormia in people with dementia.65 However, this finding may simply reflect the 
increased prevalence of camptocormia and dementia in advanced PD. Finally, depression 
is known to impact on the performance of activities of daily living and quality of life in 
PD.90 A study of people with mild to moderate PD found a correlation between the 
severity of depression and the degree of flexion of the trunk,91 suggesting a relationship 
between mood and posture. 
As outlined in this section, there are several motor and non-motor impairments which 
could contribute to flexed posture in people with PD. Therefore, the association between 
motor impairments and flexed posture is investigated in Study 1 and the association 
between non-motor impairments and flexed posture is investigated in Study 2. In order to 
explore these associations, we need to consider valid, reliable and clinically feasible 
methods of measuring flexed posture. The following section reviews measures of flexed 
posture.   
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MEASUREMENT OF FLEXED TRUNCAL POSTURE 
There are a large variety of methods available by which to measure thoracic kyphosis, 
each with differing reliability, validity and clinical utility. These have been summarised 
in Table 1. The measurement of Cobb’s angle from lateral radiographs is generally 
considered to be the gold standard and has high reliability.92 However, this measure is not 
without limitations. In addition to the radiation exposure and cost, its validity has been 
questioned as the measure reflects the end-plate tilt of the vertebrae at each end of the 
thoracic curve and does not provide information about the curve rela tive to vertical.92,93 
Alternative radiographic measurements are available, which have similarly high 
reliability and small error92 but all are impractical for monitoring thoracic kyphosis due 
to the radiation exposure. 
Non-invasive methods of measuring thoracic kyphosis range from a simple tape measure 
to expensive and specialised digital equipment. These methods typically provide either a 
measure of distance or angle. 
Table 1: Description, reliability and validity of measures of posture 
Measure Description Reliability Validity 
Cobbs angle Radiographic 
measure 
Inter-rater 
reliability: 
ICC 0.94-0.9792 
Intra-rater 
reliability: 
ICC 0.96-0.9992 
Comparison of T1-
12 Cobb angle with 
T4-9 Cobb angle 
r=0.7293  
Flexicurve Flexible ruler 
which is moulded 
to the spine.  
Inter-rater 
reliability: ICC 
0.9634 
Intra-rater 
reliability: ICC 
0.9634 
Comparison to 
Cobb angle: 
Pearson correlation 
coefficient 0.6934 
Manual 
Inclinometers 
Two inclinometers 
placed over T1-2 
and T12-L1. Angle 
at both recorded 
and summed. 
Inter-rater 
reliability: ICC 
0.994 
Intra-rater 
reliability ICC2,1 
0.9595 
Correlation to 
Cobb angle 
r=0.8696  
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Digital 
inclinometers 
Digital version of 
manual 
inclinometers 
which provides a 
digital read-out of 
posture angle. 
Inter-rater 
reliability ICC 
0.9297 
Intra-rater 
reliability ICC2,1 
0.9797 
Comparison to 
Cobb angle in older 
adults: ICC 0.8197 
Debrunners 
kyphometer 
Protractor with two 
small blocks 
positioned on 
moveable arms. 
These are placed 
over T2-3 and T11-
12 and angle read 
from the protractor. 
Inter-rater 
reliability: ICC 
0.9834 
Intra-rater 
reliability: ICC 
0.9834 
Comparison to 
Cobb angle: 
Pearson correlation 
coefficient 0.6234 
Spinal mouse A digital hand-held 
device which is 
rolled along the 
spine and provides 
data about distance 
and changes of 
inclination.  
Inter-rater 
reliability: 
ICC 0.83-0.8798 
Intra-rater 
reliability: ICC 
0.7398 
Correlation to 
Cobb angle 
r=0.8199 
Kinect camera Microsoft X-box 
Kinect camera is 
used to construct a 
3D image of the 
trunk 
Intra-rater 
reliability: ICC 
0.81-0.98100 
Comparison to 
flexicurve ICC 
0.76-0.82100 
C7 to wall The distance 
between the 7th 
cervical vertebrae 
and a wall 
measured in 
standing. 
Inter-rater 
reliability: class 
correlation 
r=0.8731 
Intra-rater 
reliability: class 
correlation 
r=0.9931 
Comparison to 
flexicurve 
r=0.92101 
Occiput to wall The horizontal 
distance between 
the occiput and a 
wall measured in 
standing. 
Inter-rater 
reliability: ICC 
0.92102 
Intra-rater 
reliability: ICC 
0.86-0.92102 
Comparison to 
flexicurve 
r=0.90103 
The flexicurve ruler is a flexible ruler approximately 60 cm long which is a commonly 
used surveyor’s tool. The tip of the flexicurve is placed against the participant’s 7th 
cervical vertebra (C7) and the ruler is moulded to the curves of the spine. The position of 
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either the 12th thoracic (T12) or 1st lumbar (L1) vertebra is marked on the ruler. The 
examiner then traces the shape of the flexicurve ruler onto graph paper. The length and 
height of the curve are determined and either an “angle of kyphosis”104 or an “index of 
kyphosis”34 can be calculated. In older adults, both measures have excellent inter- and 
intra-rater reliability (ICC = 0.96) and good correlation (0.69) with the Cobb angle,34 
however this method is time-consuming. 
Inclinometers placed on the upper and lower ends of the thoracic spine are another non-
invasive method of measuring posture. Two inclinometers are used, placed over T1-2 and 
T12 – L1. The angle on each is recorded and summed to provide the kyphosis angle. This 
measure has excellent intra-tester reliability (ICC2,1 0.95) in healthy adults95 and shows 
strong correlation with the Cobb angle (r=0.86).96 Inter-tester reliability for people with 
PD is also high with an ICC3,1 of 0.78 for relaxed posture and 0.82 for cued upright 
posture.105 A digital version of the inclinometer used in healthy older adults shows 
similarly high intra-tester and inter-tester reliability (ICC 0.97 and 0.92 respectively)97 
and good correlation with the Cobb angle (ICC 0.81).97 Like many of the posture 
measures, participants may need to partially disrobe to allow access to T12-L1. Manual 
inclinometers are cheap and readily available to clinicians but calculating the posture 
angle from the 2 devices requires the clinician to perform a simple calculation whereas a 
dual digital inclinometer allows the clinician to simply read the posture angle from the 
display.  
The DeBrunners kyphometer consists of a protractor mounted on 2 moveable arms with 
a small block at each end. The block is placed over the midpoint of the spinous processes 
of T2 and T3, and T11 and T12. The angle of kyphosis is then read from the protractor.104 
This method also has high inter- and intra-rater reliability (ICC = 0.98) and fair validity 
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when compared to the Cobb angle (ICC = 0.62).34 It is one of the few measures of 
kyphosis which also has demonstrated reliability in the PD population (ICC = 0.92).106 
Similar to the Cobb angle, this measurement is based on the endpoints of the thoracic 
curve, and so may miss abnormalities present in the intervening curve. In addition, the 
device is not commercially available thus limiting its clinical utility. 
Digital instruments such as the spinal mouse can provide a range of measurements in 
addition to posture,98 however the cost is high and beyond the funding available for the 
studies reported in this thesis. Novel methods such as the Xbox Kinect camera show good 
reliability and validity when compared to the flexicurve ruler,100 and allow almost 
instantaneous feedback of results if the system has been previously calibrated, but are not 
widely available. 
A tape measure may be used to measure the horizontal distance from a bony landmark – 
most commonly C7 or the occiput – to the wall with the participant standing against the 
wall. The distance between C7 and a wall has high reliability (ICC 0.87 - 0.99)31and 
excellent correlation to flexicurve measurement in healthy elderly,107 but its reliability in 
people with PD is unknown. The occiput to wall measurement has equally high 
reliability,102 but more questionable validity102,103 and is more suited to measuring 
dropped head posture rather than thoracic posture. Measuring C7 to the wall removes the 
confounding influence of head position present in the occiput to the wall measure and so 
is likely to be a more accurate indicator of the degree of thoracic kyphosis. Rather than 
measuring the angle at a specific point, these measures indicate the effect of the 
cumulative curvature on upright posture. Distance measurements can be made of either 
“usual” or “upright” posture. Whilst “usual”  posture may better reflect the posture used 
in everyday activity,31 significant correlations exist between the two conditions105 
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suggesting that either is suitable for use. The C7 to wall measure is a simple, fast and 
easily administered method for clinicians to monitor kyphosis and its progression or 
response to treatment. 
As all the non-invasive methods for measuring thoracic kyphosis demonstrate good 
reliability and validity in the general older population, there is no obvious superior choice 
and the decision about which method to use is likely to be dependent on what is available 
in the clinic. Concerningly, a survey of Australian physiotherapists found that 64% of 
respondents used only visual inspection to assess the degree of flexed posture,108 a method 
which is highly unlikely to be accurate and cannot be used to monitor changes over time. 
Tape measures and inclinometers are cheap and readily available and require little 
training to use effectively. Periodic photographs of a person’s posture may also be a useful 
tool to monitor changes in posture over time. The C7 to wall measure of usual posture 
was selected for use in Studies 1 and 2 as it was quick, simple and did not require 
expensive equipment. As the test-retest reliability was unknown in PD, this was tested in 
a subset of the participants in Study 1. 
EFFECT OF FLEXED POSTURE ON ACTIVITIES AND PARTICIPATION 
The majority of work exploring the effect of flexed posture on activities and participation 
has been in the general older population, particularly the osteoporotic population, where 
there have been a number of large prospective studies. In this section I will present what 
is known about the effects of flexed posture on activity and participation in the older 
population focusing on balance, mobility and other activities such as upper limb tasks. 
This will be followed by insights from the limited research in the PD population. 
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Balance and mobility in the general older population 
The performance of many everyday activities is adversely affected by excessively flexed 
truncal posture and numerous studies report negative associations with gait and balance. 
In a sample of older Japanese community dwellers, greater flexed truncal posture was 
associated with slower walking speed, shorter step length, wider base of support and 
longer double support time.109 The performance in the timed up and go (TUG) test which 
involves standing up, walking, turning and sitting down was also slower. This is 
consistent with other studies which have reported slower walking speeds for both walking 
in a straight line and the TUG test.110 People with flexed truncal posture also exhibit more 
variability in their gait pattern, in particular reduced symmetry and greater variability of 
stride time, suggesting reduced postural control.111 In addition, balance is adversely 
affected, with poorer performance in balance activity measures such as the functional 
reach test,109,110 standing with a narrow base of support112 and the Performance Oriented 
Mobility Assessment48 which assesses both balance and mobility. Computerised methods 
of analysing balance impairment have delivered more mixed results with one study 
reporting an increase in postural sway in participants with increased truncal flexion113, 
and two others reporting no differences.114,115 
Whilst some authors suggest that these changes to balance and gait would result in an 
increased falls risk,55 there is insufficient evidence to support this assertion. A prospective 
study of older adults reported that those with greater flexed truncal posture were more 
likely to fall within the next year116 but retrospective studies have had more mixed 
results.117 Similarly, the evidence for an increase in fracture risk associated with greater 
flexed posture is mixed. One prospective study in community dwelling women found that 
those with greater flexed posture (measured by placing blocks under the head when lying 
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supine) had a 1.7 fold increased risk of a future fracture,40 whereas a recent large cohort 
study of over 3,000 women reported that greater flexed posture (measured by 
DeBrunner’s kyphometer) was not an independent risk factor for future fractures.118 The 
conflicting findings may be attributable to the different measures of flexed posture used, 
as both studies identified the presence of vertebral fractures by x-ray. Nevertheless  there 
is a biomechanical rationale for increased vertebral fracture risk with excessively flexed 
truncal posture due to greater anterior load on the spine.119 Taken together, these findings 
suggest that flexed posture may predispose people to poorer balance, mobility and a 
higher risk of falls. 
Other activities and participation in the general older population 
People with greater flexed truncal posture also report greater difficulty with a number of 
activities of daily living,48 potentially because of the balance and mobility limitations 
outlined above. Difficulties with outdoor activities,32 climbing stairs,31,120 and doing 
housework31 have all been associated with greater flexed truncal posture, as well as higher 
rates of walking aid usage.121 Given these findings, it is not surprising that people with 
excessively flexed posture also report poorer health-related quality of life122 and score 
higher on depression and fatigue scales.48 It has also been reported that flexed truncal 
posture is associated with chronic back pain.30,123 Due to the cross-sectional nature of 
these studies, it is not possible to tell if these non-motor elements contribute to or are as 
a result of the flexed truncal posture. 
Of significant concern is the increased mortality rate observed amongst those with greater 
flexed posture, independent of the degree of underlying osteoporosis.124 Pulmonary 
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function is compromised with a systematic review reporting a correlation between the 
degree of kyphosis and reduction in vital capacity which was most notable with severe 
kyphosis.125 The flexed truncal posture limits vital capacity as it provides a mechanical 
restriction to full inspiration.126 These respiratory impairments may contribute to the 
raised mortality.124 Upright posture of the thoracic and cervical spine is also necessary for 
normal speech production. If the trunk is flexed forward, compensations occur at the neck 
and laryngeal area which, in combination with the reduced inspiratory lung volume can 
result in dysphonia or altered speech production.127 
Whilst most of the research focuses on activities using the lower limbs, thoracic posture 
is known to influence shoulder range of movement. In older adults, greater flexed truncal 
posture is associated with reduced arm elevation.128 A recent systematic review 
examining the association of thoracic posture with range of motion, shoulder pain, and 
function concluded that increased thoracic kyphosis was associated with reduced shoulder 
flexion and abduction range.129 However, they were unable to identify any studies which 
reported shoulder function as an outcome.129 Another study used the Jebsen Taylor Hand 
Function Test to assess upper limb use in different truncal postures. When participants 
adopted a flexed truncal posture, their performance worsened in several of the subtests, 
namely dominant hand simulated feeding and lifting heavy cans, and non-dominant hand 
page turning and lifting small objects.130 These reports should be interpreted with caution, 
as participants were simulating a flexed posture, but suggest that truncal posture may 
influence upper limb activities. 
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Activity limitations in people with Parkinson’s disease 
There is very limited research specifically looking at the effect of flexed posture on 
activity and participation in people with PD, however, some insights can be gained from 
the small number of studies identified. Greater flexed posture is an independent risk factor 
for falls in people with PD.5 Falls are a significant issue for people with PD, with 60% 
experiencing at least one fall per year.131 In addition to the potential injuries sustained, 
falls can result in a restriction of activity which can compound the adverse effect of the 
disease on balance, mobility and quality of life.132 
A study analysing trunk, arm and hand movements during a reaching task found that 
people with PD use less truncal excursion than healthy controls.133 This could be 
exacerbated in individuals with flexed posture. Flexed posture could also be associated 
with difficulty getting into and out of bed. In people with and without PD, reduced spinal 
flexibility is associated with greater difficulty with this task,134 so it is plausible that the 
stiffness associated with greater flexed posture interferes with getting into and out of bed. 
This commonly reported activity limitation in people with PD is associated with poor 
sleep quality and high carer burden.25 
Flexed truncal posture may adversely affect pulmonary function in people with PD, as it 
does in the general older population. This suggestion is supported by findings from a 
small Italian study which revealed small reductions in lung volumes in people with PD 
and camptocormia compared to age-matched controls.135 Another small Japanese study 
of people with PD reported that people with camptocormia reported lower quality of life 
than those without,136 however, these results may not be generalisable to the milder form 
of flexed posture that is being examined in this thesis. 
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The findings from research in the general older population may also be applicable to the 
PD population with regards to the adverse association of flexed truncal posture with the 
performance of activities such as balance, mobility and upper limb use. Therefore, study 
1 investigates the association between flexed posture and balance and mobility; while 
study 2 investigates the association between flexed posture and the performance of other 
activities including upper limb tasks, getting into and out of bed, speech volume and 
respiratory function. 
INTERVENTIONS TO IMPROVE POSTURE 
Flexed truncal posture is potentially remediable and this section will report the current 
evidence for interventions to improve flexed truncal posture. Again, most of the published 
literature investigates interventions to improve posture in the general older population, 
with little specific research in the PD population to date. 
General population 
Although the mechanisms underlying the development of flexed posture are more 
complex in the PD population, some of the interventions tested in the general population 
may be transferable to the PD population. A systematic review in 2014 evaluating the 
effect of exercise on flexed posture in the general older population included 13 studies.51 
Of those, 8 reported improvements in posture following an exercise intervention. The 
heterogeneity of interventions and varied durations meant the authors were unable to 
determine a pooled estimate of the effect of exercise on flexed posture, however they 
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concluded that results from some high quality studies suggest there was likely to be a 
benefit.51 The common elements in the effective interventions were spinal extensor 
muscle strengthening and postural education, which was generally provided by 
physiotherapists or other trained exercise professionals. A recent randomised controlled 
trial of community dwelling older adults evaluated the effect of spinal extensor muscle 
strengthening on thoracic kyphosis.137 The intervention group attended a group exercise 
class three times per week for six months. The class involved a specific program of spinal 
extensor muscle strengthening and re-education, spinal mobility exercises and optimising 
postural alignment. In addition, postural training incorporating auditory, visual and tactile 
feedback was provided as well as a written manual detailing ideal spinal alignment during 
functional activity. The control group attended monthly health education group classes. 
At the end of the intervention, the exercise group had a small but significant improvement 
in radiographic Cobb angle and kyphometer measures of truncal posture. This is an 
intensive, prolonged intervention, but gives a good basis for the development of shorter, 
more cost-effective interventions. 
Parkinson’s Disease 
Whilst some of the impairments of PD are highly responsive to levodopa, it is unclear if 
flexed posture responds well to medication. When the posture of participants was 
measured in the “off” and “on” medication state, no significant difference was observed138 
suggesting that levodopa is not effective in improving posture in people with PD. 
However, the posture item of the UPDRS was used to measure posture, which is not 
sensitive to small changes in posture. Nevertheless, camptocormia also appears to be 
resistant to levodopa.139 In contrast, a study using the spinal mouse to evaluate posture 
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reported an improvement in thoracic spine angle both in dopa-naïve participants and those 
on long-term levodopa treatment following the administration of levodopa.140 Whilst it 
has been suggested that the progression of axial features is due to lesions in non-
dopaminergic pathways,74 the exact role of dopaminergic pathways in flexed posture in 
PD is unclear. A small study of people with severe PD compared the use of levodopa with 
deep-brain stimulation alone as well as a combination of both treatments. They reported 
that the UPDRS posture item improved by 38% in the levodopa group, 77% in the brain 
stimulation group and by 88% in the combined treatment group. They hypothesised that 
axial impairments might therefore be due to both dopaminergic and non-dopaminergic 
pathways acting in parallel.74 
There is a scarcity of research evaluating the effectiveness of non-pharmaceutical 
interventions to improve flexed posture in people with PD. The few published studies 
tend to be of poor quality with small participant numbers.141-150 Various interventions 
including physiotherapy, hydrotherapy, yoga, orthoses, taping, the Alexander technique 
and manipulative treatment have been suggested, with little supporting evidence.141 The 
lack of clarity regarding the pathogenesis of flexed truncal posture and other PD-related 
postural abnormalities PD makes treatment selection challenging.  
One of the few high quality studies of exercise intervention143 to improve posture in 
people with PD delivered a six month intervention. Participants attended either a 70-
minute Nordic walking, normal walking or flexibility and relaxation group program, three 
times a week. Both walking groups made improvements in posture as measured by the 
UPDRS posture item, but the Nordic walking group made a significantly greater 
improvement.143 Nordic walking requires greater involvement of the upper body than 
normal walking which may explain the greater improvement in truncal posture. In 
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addition, the walking poles may act as external cues, providing feedback to participants 
about their posture each time they are placed on the ground. 
Another randomised controlled trial utilised a “global postural re-education concept”.141 
Both intervention groups performed an exercise program including proprioceptive and 
tactile stimulation, stretching and postural education during active movement, three times 
a week for four weeks. The second intervention group also received kinesio-taping 
tailored to the postural abnormality, i.e., for flexed posture the taping was applied 
bilaterally along the spinal extensors from T1 to L5. A third group received no 
intervention.141 Both treatment groups showed significant improvements in truncal 
posture in the sagittal and coronal planes compared with baseline. This improvement was 
significant when compared to the untreated group, however the small number of 
participants and the lack of a placebo intervention mean these results should be interpreted 
with caution. Additionally, the role that exercise played as opposed to the other 
interventions cannot be determined. 
Whilst back extensor strengthening appears to have beneficial effects on posture in the 
general population, the benefits for people with PD have not been definitively established. 
One small randomised study of people with early PD found the addition of 5-10 minutes 
of back extensor and abdominal strengthening exercises to a general exercise session 
resulted in improvements in torque generation of trunk extension and flexion compared 
to a control group.142 This suggests that people with PD may have the potential to improve 
trunk muscle strength. 
It is acknowledged that external cues can benefit people with PD in several areas151 and 
posture may also be an area where cues are beneficial. One small randomised trial 
administered identical exercise programs to participants.152 Visual, auditory and tactile 
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cues were provided to one group in addition to the exercise intervention. Whilst both 
groups made small gains in posture, only the cued group retained this improvement at a 
six-week follow-up. The authors suggest that the cued participants had developed new 
attentional strategies which may have allowed maintenance of the improved posture. 
However, the measure of posture used was the sum of the posture and gait items of the 
UPDRS, so the gains may not be solely attributable to changes in truncal posture. A more 
elaborate example of external cues is the use of a visual biofeedback device which 
measures real time anteroposterior trunk and head orientations and uses them to create an 
avatar which users see in a head mounted device.144 Whilst the study’s aim was to 
evaluate the effect of the biofeedback on participant’s response to the pull test in a single 
session, they also reported an anecdotal improvement in postural orientation, with 
participants observed to stand more erect as soon as the device was operated. In contrast, 
a single group pilot study evaluating the use of an auditory biofeedback device during 
training of posture and balance tasks over a period of 6 weeks failed to demonstrate any 
change in posture.145 However, posture was measured using the UPDRS posture item 
which lacks sensitivity. 
A small RCT has tested a novel cognitive-perceptual intervention for flexed posture, 
where participants lie supine with their back on a series of deformable latex cones.146 
They are then asked to perform tasks such as shifting their body weight, identifying how 
many cones are under a section of their back and performing movements of the pelvis and 
lower limbs, with the aim of improving their perception of the trunk position and midline 
and thus improve truncal posture. This study reported a significant improvement in 
thoracic kyphosis angle following 10 treatment sessions compared to a control group who 
received active movements, muscle stretching, coordination and balance exercises, 
however this improvement was not maintained at follow-up one month later.146 Other 
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studies have evaluated downhill walking,147 the Alexander Technique,148,149 or mixed 
exercise interventions,150 however these are of poor quality lacking blinded assessors147 
or comparison groups150 and some did not report a posture measurement.149,150  
Of the interventions mentioned above, spinal extensor muscle strengthening, cueing and 
Nordic walking seem the most feasible to deliver and may lead to improvements in truncal 
posture in people with PD. Although it is beyond the scope of this thesis to test 
interventions, further understanding of the contribution of motor and non-motor 
impairments to flexed posture, as well as the association between flexed posture and 
activities will help to inform future targets for intervention. 
AIMS OF THE THESIS 
The broad aim of the studies reported in this thesis was to improve understanding of 
flexed posture in Parkinson’s disease.  Specifically, the studies aimed to: 
1. establish the test re-test reliability of the C7 to wall measure of flexed posture
2. investigate the associations of the motor and non-motor impairments of PD with
flexed posture, and
3. explore the relationship of flexed posture with activity limitations
in people with PD. 
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CHAPTER 2 
FLEXED TRUNCAL POSTURE IN PARKINSON’S DISEASE: 
MEASUREMENT RELIABILITY AND RELATIONSHIP WITH PHYSICAL 
AND COGNITIVE IMPAIRMENTS, MOBILITY AND BALANCE  
Chapter 2 has been published as: 
Forsyth AL, Paul SS, Allen NE, Sherrington C, Fung VS, Canning CG. Flexed truncal 
posture in Parkinson disease: measurement reliability and relationship with physical and 
cognitive impairments, mobility, and balance. J Neurol Phys Ther. 2017;41(2):107-113. 
A supplementary document (containing details of some of the methods) was published 
online with this publication. It is placed as an appendix at the end of this chapter. 
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BackgroundandPurpose: Flexed truncal posture is common in peo-
ple with Parkinson disease (PD); however, little is known about the
mechanisms responsible or its effect on physical performance. This
cross-sectional study aimed to establish the reliability of a truncal
posture measurement and explore relationships between PD impair-
ments and truncal posture, as well as truncal posture and balance and
mobility.
Methods: A total of 82 people with PD participated. Truncal pos-
ture was measured in standing as the distance between vertebra C7
and a wall. Univariate and multivariate regression analyses were per-
formed with truncal posture and impairments, including global axial
symptoms, tremor, bradykinesia, rigidity, freezing of gait (FOG), re-
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active stepping and executive function, as well as truncal posture with
balance and mobility measures.
Results: The truncal posture measure had excellent test-retest reli-
ability (ICC3,1 0.79, 95% CI 0.60-0.89, P < 0.001). Global axial
symptoms had the strongest association with truncal posture (ad-
justed R2 = 0.08, P = 0.01), although the majority of the variance
remains unexplained. Post hoc analysis revealed that several impair-
ments were associated with truncal posture only in those who did
not report FOG. Flexed truncal posture was associated with poorer
performance of most balance and mobility tasks after adjustment for
age, gender, disease severity, and duration (adjusted R2 = 0.24-0.33,
P < 0.001-0.03).
Discussion and Conclusions: The C7 to wall measurement is highly
reliable in people with PD. Global axial symptoms were indepen-
dently associated with truncal posture. Greater flexed truncal posture
was associated with poorer balance and mobility. Further studies are
required to elucidate the mechanisms responsible for flexed truncal
posture and the impact on activity.
Video Abstract available for additional insights from the authors
(see Video, Supplemental Digital Content 1, http://links.lww.com/
JNPT/A164).
Key words: axial symptoms, bradykinesia, human movement system,
mobility limitation, postural balance
(JNPT 2017;41: 106–112)
INTRODUCTION
F lexed truncal posture affects up to 73% of people withParkinson disease (PD),1 which is significantly higher than
the 20% to 40% prevalence of flexed truncal posture reported
in the general older population.2 In both the general older pop-
ulation and the PD population, flexed truncal posture increases
with age.2 Vertebral fractures, degenerative disc disease, back
extensor muscle weakness, and habitual posture are thought
to play a role in the development of flexed truncal posture.2
However, the association between disease severity3 and in-
creased flexed truncal posture in people with PD suggests that
additional mechanisms may play a role in this population.
Axial rigidity is a possible cause with one small study re-
porting an improvement in truncal posture with a reduction in
neck rigidity following the administration of apomorphine.4 In
Copyright © 2017 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.
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contrast, another study did not find a relationship between axial
rigidity and the posture item of the Unified Parkinson Disease
Rating Scale (UPDRS).5 Furthermore, the association of the
other cardinal impairments of PD—tremor, bradykinesia, and
postural instability—with flexed truncal posture has not been
definitively established.
It has also been suggested that flexed truncal posture
could be a compensation for some of the motor impairments
of PD, particularly for bradykinesia and postural instability.6,7
Adopting a flexed truncal posture might facilitate step initi-
ation in people with freezing of gait (FOG).6 Flexed truncal
posture may also be a compensatory mechanism for reduced
balance by protecting against backward displacement of the
center of mass,7 although evidence for this is inconsistent.8
It is likely that flexed truncal posture in people with
PD will adversely affect the performance of everyday activ-
ities. Flexed truncal posture in both people with PD and the
general older population is associated with reduced standing
balance,9,10 altered gait biomechanics,9,10 and an increased
risk of falls.1,11 Difficulties performing these activities are
likely to be due to reductions in the functional limits of stabil-
ity when standing with a flexed truncal posture.9 Furthermore,
greater flexed truncal posture in the general older population
is associated with other negative consequences, including dif-
ficulty performing everyday activities,12 depression,13 and in-
creased mortality.14
Given the adverse consequences associated with greater
flexed truncal posture in the general population and the high
prevalence of flexed truncal posture in PD, it is important to
improve an understanding of both the relationship between
PD impairments and truncal posture and the extent to which
flexed truncal posture is associated with activity limitations in
this population. To explore the relationships outlined earlier,
a reliable measure of truncal posture is required. The distance
between the seventh cervical vertebra (C7) and a wall is a
simple, clinically feasible method of assessing truncal posture
and removes the potentially confounding influence of head
position. This measure is known to be reliable in the healthy
older population,12 but its reliability in the PD population has
not been tested.
The aims of this study were therefore to (i) establish the
reliability of the C7 to wall measure of truncal posture in peo-
ple with PD; (ii) determine whether common PD impairments
are associated with flexed truncal posture, after adjusting for
other factors known to influence posture; and (iii) investigate
the relationship between truncal posture and balance and mo-
bility task performance, after adjusting for other factors known
to influence these activities. We hypothesized that PD impair-
ments, particularly axial symptoms (ie, axial rigidity, gait dis-
order, and postural instability),15 would be associated with
truncal posture, and that balance and mobility tasks would be
negatively affected, with tasks not requiring a change of base
of support being more affected than tasks requiring a change
of base of support.
METHODS
The data used for this cross-sectional study were col-
lected as part of a larger study.16,17 Methods relevant to this
study are described later.
Participants
Community-dwelling participants with idiopathic PD
were recruited via advertisement in a PD association newsletter
and from our university database of people with PD. Partici-
pants 40 years or older who were independently mobile with
or without a walking aid were eligible to participate. Partic-
ipants were excluded if they suffered unstable neurological,
orthopedic, or cardiovascular conditions limiting their abil-
ity to undergo the assessment procedures or which would af-
fect the interpretation of the results of the previously reported
studies16,17—those with symptomatic or unhealed vertebral
fractures and known disc disease were excluded; participants
with osteoporosis were not necessarily excluded. Participants
with significant cognitive impairment (Mini-Mental State Ex-
amination (MMSE) < 24) were also excluded. Testing was
conducted when participants’ PD medication was working op-
timally, typically 1 hour after ingesting the last dose. A battery
of tests was administered in a standardized order by 1 of 2
assessors in a university facility. All participants gave written
informed consent before testing and approval was gained from
the relevant Human Research Ethics Committee.
Outcomes
For the truncal posture measurement, participants were
instructed to stand with their usual truncal posture while keep-
ing their buttocks and back against a wall. Feet were placed
shoulder width apart, typically 2 to 5 cm in front of the wall.
The horizontal distance from C7 to the wall was measured
with a tape measure to the nearest 0.1 cm12 (Figure 1). Test-
retest reliability was calculated from a subset of 31 partici-
pants who underwent a second test 1 week after the baseline
measurement.
A number of PD disease-specific measures were
taken including the total motor examination score of the
Movement Disorders Society–sponsored UPDRS (MDS-
UPDRS),18 Hoehn and Yahr stage,19 and time since PD diag-
nosis. Measures of PD impairment were taken from the motor
section of the MDS-UPDRS. The tremor score was the sum
of scores for postural tremor (item 3.15), kinetic tremor (item
3.16) plus resting tremor (item 3.17), and tremor constancy
(item 3.18) across all body parts. The bradykinesia score was
Figure 1. Truncal posture measurement. Participants stand
with their back and buttocks against the wall. The distance
between the wall and the seventh cervical vertebra is
measured with a tape measure.
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the sum of scores for finger tapping (item 3.4), hand move-
ments (item 3.5), supination/pronation (item 3.6), toe tapping
(item 3.7), and leg agility (item 3.8). The rigidity score (item
3.3) was the sum of scores for all 4 limbs and the neck. An
axial subscore of the motor examination of the MDS-UPDRS
was calculated in line with previous work to reflect global axial
motor symptoms.20 The axial subscore is the sum of neck and
leg rigidity (item 3.3), leg agility (item 3.8), arising from a
chair (item 3.9), gait (item 3.10), postural stability (item 3.12),
posture (item 3.13), and lower limb resting tremor (item 3.7).
The New Freezing of Gait Questionnaire (NFOGQ)21 was used
to quantify FOG. Measures of reactive stepping and postural
sway were taken to reflect postural instability. The Frontal As-
sessment Battery (FAB)22 was used to quantify executive func-
tion. A short description of these tests and reported reliability
are available in the online Appendix (see Supplemental Digital
Content 2: Appendix, http://links.lww.com/JNPT/A165).
Balance and mobility tasks were categorized into 2
groups: tasks not requiring a change in the base of support
(eg, reaching) and tasks requiring a change in the base of sup-
port (eg, walking) (see the online Appendix). Tasks without a
change in base of support included functional reach and lateral
reach, single leg stand, and coordinated stability. Tasks requir-
ing a change in base of support included the Timed Up and
Go (TUG) test performed as a single task and with a dual cog-
nitive task, walking speed, the 5-repetition sit-to-stand (STS),
and choice stepping reaction time.
Statistical Analyses
To address aim 1, intraclass correlation coefficients
(ICC3,1) were used to determine test-retest reliability of the
truncal posture measure. Excellent reliability was defined as
ICC > 0.75, good 0.60 to 0.74, fair 0.40 to 0.59, and poor less
than 0.40.23
To address aim 2, relationships between PD impairments
(predictor variables) and truncal posture (outcome) were exam-
ined with univariate and multivariate linear regression models.
The multivariate model included age, axial subscore, tremor,
rigidity, bradykinesia, FOG, reactive stepping, and the FAB as
predictors; 8 predictors were chosen for entry into the mul-
tivariate model to ensure that there were at least 10 outcome
cases per predictor variable. A post hoc analysis was performed
to explore the association between the NFOGQ score and the
axial subscore. An interaction term was created by multiply-
ing the axial subscore with the NFOGQ score and these 3
terms were entered into a multivariate regression model. Sep-
arate analyses for participants with and without FOG were
then performed; FOG status was categorized on the basis of
an answer of yes or no to Question 1 of the NFOGQ (ie, “did
you experience freezing episodes in the past month?”).
To address aim 3, relationships between truncal posture
(as a predictor variable) and balance and mobility task per-
formance (outcomes) were examined with univariate linear
regression. For each of the outcomes where truncal posture
was a significant predictor (P < 0.05) in the univariate anal-
ysis, a stepwise multivariate linear regression model incorpo-
rating age, gender, disease severity, and duration as covariates
was developed. For missing data arising from participants who
were physically unable to perform the 5-repetition STS (1% of
participants) or choice stepping reaction time (2% of partici-
pants), a value of the sample mean minus 3 standard deviations
(SDs) was assigned. Data were analyzed using SPSS version
22 (IBM Corp, Armonk, New York).
RESULTS
One hundred thirty-eight volunteers with PD were
screened for inclusion in the study. Thirty-six were ineligi-
ble, and 20 declined to participate. The remaining 82 people
(55 male, 27 female) who participated had a mean time of
7.5 years since PD diagnosis. Participants had slight rigidity
and tremor, slight to mild bradykinesia,18 (Table 1) and mildly
abnormal truncal posture (mean distance C7 to wall = 9.1 cm,
SD = 2.6, range = 4.2–16.4 cm, compared with the general
older population values of a mean distance of 5.2 cm, range
= 0-15 cm).12 They took a mean levodopa equivalent dose of
732 mg/day (SD 430 mg/day). In the subset of 31 participants,
test-retest reliability of the C7 to wall truncal posture mea-
surement was excellent (ICC3,1 = 0.79, 95% CI: 0.60-0.89,
P < 0.001). The standard error of measurement was 1.1 cm
(12.0%).
Association of Impairments With Truncal
Posture
Univariate linear regression showed that increased age,
higher MDS-UPDRS motor score, and a higher axial sub-
score were significantly associated with flexed truncal posture
(Table 1). Cognition as measured by the FAB, the PD subscores
of tremor, rigidity, bradykinesia, and reactive stepping did not
demonstrate a significant association with flexed truncal pos-
ture. The multivariate linear regression model, including age,
axial subscore, tremor, rigidity, bradykinesia, FOG, reactive
stepping, and the FAB, explained 14% of the variability in
flexed truncal posture (adjustedR2 = 0.14,P= 0.01) (Table 2).
Higher axial subscores (β = 0.69, P = 0.001) and lower FOG
scores (β = -0.26, P = 0.04) were the only variables within
the multivariate model that were independently associated with
flexed truncal posture (P < 0.05).
Further post hoc analyses were performed to assist in
understanding the unexpected finding of a nonsignificant rela-
tionship between FOG and posture in the univariate model, but
a significant, negative relationship in the multivariate analysis.
The post hoc analyses suggested that there might be an interac-
tion between the NFOGQ and the axial subscore (interaction
variable P= 0.07). We therefore investigated separate univari-
ate models for participants with and without FOG (Table 3).
Age, higher MDS-UPDRS, higher axial subscore, and male
gender were significantly associated with flexed truncal pos-
ture in participants without FOG. In participants with FOG,
none of the predictors we examined were significantly associ-
ated with flexed truncal posture.
Association of Truncal Posture With Gait and
Balance Activities
Univariate analyses revealed that flexed truncal posture
had a small and significant association with all the tasks not
requiring a change in base of support: functional reach, lat-
eral reach, single leg stand, and coordinated stability scores
(adjusted R2 = 0.05-0.14, P = 0.001-0.02), and with some of
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Table 1. Univariate Models Examining Associations Between Impairments and Truncal Posturea
Explanatory Variables Mean (SD) or N (%) Adjusted R2 P Unstandardized β (95% CI)
Age, y 66.5 (7.6) 0.04 0.04 0.08 (0.01 to 0.54)
Male gender 55 (67) 0.01 0.16 0.87 (−0.35 to 2.09)
MDS-UPDRS motor (0-132) 31.4 (11.5) 0.04 0.046 0.05 (0.001 to 0.1)
HY stage (1-5) 2.0 (0.7) − 0.03 0.32 0.41 (−0.41 to 1.23)
Time since PD diagnosis, y 7.5 (5.7) − 0.01 0.68 0.02 (−0.08 to 0.12)
Bradykinesiab (0-40) 15.7 (7.1) 0.01 0.21 0.05 (−0.03 to 0.13)
Tremorc (0-40) 5.1 (4.9) − 0.01 0.93 0.01 (−0.12 to 0.13)
Rigidityd (0-20) 4.0 (2.5) − 0.01 0.61 0.06 (−0.17 to 0.29)
Axial subscoree (0-44) 7.4 (4.2) 0.08 0.01 0.19 (0.06 to 0.32)
NFOGQ (0-29) 4.8 (7.3) − 0.01 0.62 − 0.02 (−0.10 to 0.06)
Sway on foam, eyes closed, mm 287.7 (147.7) − 0.03 0.73 0.001 (−0.003 to 0.005)
Reactive stepping (0-8) 6.2 (1.8) − 0.01 0.54 0.10 (−0.22 to 0.42)
FABf (0-18) 14.7 (2.1) 0.02 0.11 − 0.23 (−0.51 to 0.05)
Abbreviations: FAB, Frontal Assessment Battery; HY, Hoehn and Yahr; MDS-UPDRS, Movement Disorders Society–sponsored Unified Parkinson’s Disease Rating Scale; NFOGQ,
New Freezing of Gait Questionnaire.
aPosture measured as distance from the 7th cervical vertebra to the wall in standing.
bBradykinesia is the sum of left and right finger tap, hand movements, supination/pronation, toe tap and leg agility.
cTremor is the sum of resting tremor of each limb and lip/jaw, postural and kinetic tremor, and tremor constancy.
dRigidity is the sum of the 4 limbs and neck rigidity score.
eAxial subscore is composed of lower limb resting tremor, neck and lower limb rigidity, leg agility, arising from a chair, postural stability, posture, and gait items of the
MDS-UPDRS.20
fHigh score = better performance. For all other measures, a high score indicates poorer performance.
Table 2. Multivariate Model Examining Associations
Between Explanatory Variables and Truncal Posture
(Adjusted R2 = 0.14, P = 0.01)
Explanatory Variables P Unstandardized β (95% CI) β
Age 0.38 0.03 (−0.04 to 0.11) 0.10
Bradykinesia (0-40) 0.14 − 0.08 (−0.19 to 0.03) − 0.22
Tremor (0-40) 0.61 − 0.03 (−0.15 to 0.09) − 0.06
Rigidity (0-20) 0.12 − 0.22 (−0.50 to 0.06) − 0.21
Axial subscore (0-44) 0.001 0.43 (0.19 to 0.68) 0.69
NFOGQ (0-29) 0.04 − 0.09 (−0.18 to −0.01) − 0.26
Reactive stepping (0-8) 0.20 − 0.24 (−0.61 to 0.13) − 0.17
FABa (0-18) 0.12 − 0.22 (−0.50 to 0.06) − 0.17
Abbreviations: FAB, Frontal Assessment Battery; NFOGQ, New Freezing of Gait
Questionnaire.
aHigh score = better performance. For all other measures, a high score indicates
poorer performance.
the tasks requiring a change in base of support: single- and
dual-task TUG test, and choice stepping reaction time (ad-
justed R2 = 0.06-0.142, P = 0.001-0.02). Truncal posture was
not significantly associated with walking speed or repeated
STS (Table 4). The multivariate model containing truncal pos-
ture as well as disease severity, disease duration, age, and
gender revealed small to moderate associations with the per-
formance of all balance and mobility tasks tested (adjusted
R2 = 0.24-0.33, P = <0.001-0.03). Truncal posture contin-
ued to be independently associated with performance in func-
tional reach, coordinated stability, and single-task TUG test
in multivariate models (β = −0.33 to 0.27, P = 0.002-0.04)
(Table 5).
DISCUSSION
This study found that the C7 to wall measurement of
flexed truncal posture was highly reliable and was indepen-
dently associated with global axial symptoms in people with
PD. In addition, greater flexed truncal posture was associated
with poorer performance on balance and mobility tasks over
and above the contribution of age, gender, disease severity, and
duration.
Reliability of the Truncal Posture Measurement
The simple, clinically feasible C7 to wall measure of
truncal posture showed high reliability in people with PD.
We elected to measure participants’ “usual” truncal posture
rather than their “best upright” truncal posture as this has
been found to better reflect performance in everyday activities
in the general older population.12 Clinicians should consider
using the C7 to wall measurement to assess and monitor flexed
truncal posture in people with PD.
Relationships Between Impairments and Flexed
Truncal Posture
We found that none of the cardinal motor impairments
of PD (ie, bradykinesia, rigidity, tremor, and postural insta-
bility) were associated with flexed truncal posture when con-
sidered individually. Of the variables we examined, only age,
disease severity, and global axial symptoms were significantly
associated with flexed truncal posture. Within the multivariate
model, global axial symptoms continued to show the strongest
association, although FOG also showed a small independent
association.
In our sample, flexed truncal posture was associated with
both age and disease severity, findings consistent with that re-
ported in the general older population.2,24 Our finding that
global axial symptoms were the strongest predictor of flexed
truncal posture supports the assertion that postural abnormali-
ties in PD are one of a group of axial symptoms present in some
forms of the disease.25 Despite suggestions that flexed truncal
posture is at least partly due to increases in axial rigidity,24 we
did not find an association between rigidity and truncal posture.
This may be due to the lack of sensitivity of the measurement
used or the weighting toward appendicular rigidity. Never-
theless, studies using a more sensitive measurement of axial
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Table 3. Univariate Models Examining Associations Between Impairments and Truncal Posture for People With PD Who
Do and Do Not Report Freezing of Gait
ParticipantsWithout Freezing of Gait (n = 52) ParticipantsWith Freezing of Gait (n = 30)
Explanatory Variables
Mean (SD)
or N (%) Adjusted R2 P
Unstandardized
B (95% CI)
Mean (SD)
or N (%) Adjusted R2 P
Unstandardized
B (95% CI)
Posture, cm 9.2 (2.8) 9.0 (2.3)
Age, y 66.1 (7.9) 0.08 0.02 0.31 (0.02 to 0.21) 67.3 (7.2) − 0.03 0.75 0.02 (−0.11 to 0.15)
Male gender 33 (63.5) 0.06 0.046 1.59 (0.03 to 3.16) 22 (73.3) − 0.03 0.59 − 0.53 (−2.54 to 1.15)
MDS-UPDRS motor 29.9 (11.7) 0.07 0.03 0.07 (0.01 to 0.14) 33.8 (10.9) − 0.03 0.68 0.02 (−0.07 to 0.10)
HY stage (1-5) 1.9 (0.7) 0.02 0.16 0.77 (−0.31 to 1.85) 2.4 (0.6) − 0.03 0.84 − 0.16 (−1.77 to 1.45)
Time since PD diagnosis, y 5.9 (4.4) − 0.01 0.57 0.05 (−0.13 to 0.23) 10.3 (6.7) − 0.03 0.82 0.02 (−0.12 to 0.15)
Bradykinesiaa (0-40) 14.4 (6.8) 0.03 0.10 0.09 (−0.02 to 0.21) 17.9 (7.1) − 0.04 0.99 0.001 (−0.13 to 0.13)
Tremorb (0-40) 6.2 (5.3) − 0.02 0.77 − 0.02 (−0.17 to 0.13) 3.1 (3.2) − 0.01 0.45 0.11 (−0.18 to 0.39)
Rigidityc (0-20) 3.8 (2.2) − 0.01 0.46 0.13 (−0.22 to 0.49) 4.5 (2.9) − 0.04 0.999 0.00 (−0.31 to 0.31)
Axial subscored (0-44) 6.3 (3.8) 0.20 0.001 0.34 (0.15 to 0.53) 9.4 (4.2) 0.02 0.52 0.07 (−0.15 to 0.28)
NFOGQ (0-29) 0 (0) 13.1 (5.9) − 0.03 0.60 − 0.04 (−0.19 to 0.11)
Sway on foam, eyes closed (mm) 277.4 (133.6) − 0.02 0.70 0.001 (−0.005 to 0.007) 306.0 (171.1) − 0.04 0.98 0.00 (−0.01 to 0.01)
Reactive stepping (0-8) 1.6 (1.5) 0.03 0.10 0.43 (−0.09 to 0.95) 2.2 (2.2) − 0.02 0.48 − 0.14 (−0.55 to 0.26)
FABe (0-18) 14.9 (2.0) 0.02 0.11 − 0.29 (−0.67 to 0.10) 14.4 (2.1) − 0.01 0.44 − 0.16 (−0.58 to 0.26)
Abbreviations: FAB, Frontal Assessment Battery; HY, Hoehn and Yahr; MDS-UPDRS, Movement Disorders Society–sponsored Unified Parkinson’s Disease Rating Scale; NFOGQ,
New Freezing of Gait Questionnaire.
aTotal bradykinesia is the sum of left and right finger tap, hand movements, sup/pro, toe tap, and leg agility.
bTotal tremor is the sum of resting tremor of each limb and lip/jaw, postural and kinetic tremor, and tremor constancy.
cTotal rigidity is the sum of the 4 limbs and neck rigidity score.
dAxial subscore is composed of LL resting tremor, neck and LL rigidity, leg agility, STS, postural instability, posture, gait.19
eHigh score = better performance. For all other measures, a high score indicates poorer performance.
Table 4. Univariate Analyses of Associations Between Truncal Posture and Balance and Mobility Tasks
Outcome Mean (SD) Adjusted R2 P Unstandardized B (95% CI)
Tasks not requiring a change in base of support
Functional reach, cma 27.8 (6.9) 0.14 <0.001 − 1.01 (−1.55 to −0.47)
Lateral reach, cma 20.0 (4.8) 0.07 0.01 − 1.05 (−1.84 to −0.27)
SLS, sa 16.5 (9.1) 0.05 0.03 − 1.69 (−3.21 to −0.16)
Coordinated stability score 15.9 (16.62) 0.06 0.01 1.74 (0.38 to 3.10)
Tasks requiring a change in base of support
TUG, s 10.2 (3.1) 0.12 0.001 0.42 (0.18 to 0.67)
TUGcog, s 12.6 (5.0) 0.07 0.01 0.54 (0.13 to 0.95)
Walking speed—preferred, m/sa 1.25 (0.23) 0.01 0.17 − 0.01 (−0.03 to 0.01)
Walking speed—fast, m/sa 1.73 (0.37) 0.02 0.14 − 0.02 (−0.05 to 0.01)
STS, stand/sa 0.50 (0.12) 0.01 0.24 − 0.01 (−0.02 to 0.004)
Choice stepping, step/sa 0.35 (0.08) 0.06 0.02 − 0.01 (−0.02 to −0.002)
Abbreviations: SLS, single leg stand; STS, 5 repetition sit-to-stand; TUG, Timed Up and Go; TUGcog, TUG cognitive.
a High score = better performance. For all other measures, a high score indicates poorer performance.
Table 5. Multivariate Models Examining Associations With Balance and Mobility Tasks
Functional
Reach,a cm
Lateral
reach,a cm
Single leg
stand,a s
Coordinated
Stability Score
Timed Up and
Go, s
Timed Up and
Go Cognitive, s
Choice
stepping,a
step/s
Adjusted R2 (P) 0.24 (<0.001) 0.31 (<0.001) 0.33 (0.001) 0.33 (0.001) 0.24 (<0.001) 0.29 (<0.001) 0.35 (<0.001)
B P B P B P B P B P B P B P
Truncal posture − 0.33 0.002 − 0.17 0.09 − 0.11 0.25 0.20 0.04 0.27 0.01 0.13 0.21 − 0.15 0.13
MDS-UPDRS motor − 0.26 0.01 − 0.26 0.01 − 0.08 0.39 0.16 0.11 0.09 0.38 0.27 0.01 − 0.39 <0.001
Time since PD diagnosis − 0.23 0.02 − 0.10 0.31 − 0.42 <0.001 0.37 <0.001 0.05 0.58 0.14 0.14 − 0.11 0.24
Age − 0.01 0.90 − 0.37 <0.001 − 0.39 <0.001 0.25 0.01 0.37 0.001 0.38 <0.001 − 0.35 <0.001
Male gender 0.11 0.28 0.18 0.06 0.03 0.78 − 0.24 0.01 − 0.1 0.32 0.01 0.90 − 0.05 0.63
Abbreviations: B = standardized B; MDS-UPDRS: Movement Disorders Society–sponsored Unified Parkinson’s Disease Rating Scale.
aHigh score = better performance. For all other measures, a high score indicates poorer performance.
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rigidity26 have also reported no association between rigidity
and truncal posture.
Freezing of gait is also considered to be an axial feature
of PD, so it was expected that worse FOG would be associated
with more severe flexed truncal posture. However, in our sam-
ple, we found a suggestion of an opposite relationship, with
greater flexed truncal posture associated with less FOG. The
mechanism behind this finding is unclear. One possible expla-
nation is that the adoption of a flexed truncal posture might
assist in facilitating gait initiation6 as the center of mass is fur-
ther forward, thereby requiring smaller amplitude anticipatory
postural adjustments to initiate gait.27 It is likely that this com-
pensation would be effective only for a limited time before the
severity of the freezing is unable to be overcome by a change
in truncal posture.2,24,26
Although people with and without FOG had a similar
degree of flexed truncal posture, the variables associated with
flexed truncal posture in each group differed. In participants
without FOG, the pattern of associations was similar to the
whole group. In contrast, we did not identify any factors that
were significantly associated with flexed truncal posture in
participants with FOG, although the small number of partici-
pants might have limited our ability to demonstrate significant
results.
A large proportion (86%) of the variance in flexed trun-
cal posture in PD remains unexplained. Potential contribu-
tors not assessed in this study include spinal proprioception,
visuosensory integration, and musculoskeletal problems. Im-
paired axial proprioception has been identified in people with
PD20 and is an impairment that, like other axial symptoms,
responds poorly to levodopa and is thought to be controlled by
nondopaminergic central structures.26 People with PD show
an increased reliance on vision to maintain truncal posture,28
providing further support for a link between flexed truncal
posture and impaired spinal proprioception. We excluded par-
ticipants who had significant musculoskeletal impairments,
but some participants may have had undiagnosed vertebral
fractures or degenerative disc diseases which are known to be
major risk factors for flexed truncal posture in the general older
population.2,29 Other nonmotor impairments of PD, including
depression and pain, are also potential contributors to flexed
truncal posture, which were not assessed here.
Influence of Truncal Posture on Balance and
Mobility Tasks
Participants with greater flexed truncal posture per-
formed worse in a number of balance and mobility tasks, even
when other demographic factors were taken into considera-
tion. In univariate analysis there were significant but weak
associations between truncal posture and all of the tasks that
did not require a change in base of support, in line with our
hypothesis. Significant relationships were found with func-
tional reach, lateral reach, and the coordinated stability test,
all tasks that require participants to move to their anterpos-
terior and/or mediolateral limits of stability. Flexion of the
thoracic spine can lead to an anterior shift of the center of
gravity,30 reducing the stability margin,8 particularly in the
forward direction,9 and thus impair the postural stability re-
quired to achieve tasks that require leaning balance.30 Recent
research in people with chronic stroke has also found negative
associations with greater flexed truncal posture and balance.31
The authors highlighted the influence of pelvic tilt on truncal
posture and this is an area that merits further investigation in
people with PD.
Flexed truncal posture was found to be associated with
reduced performance of the TUG test, in line with findings
from the general older population.32 However, walking speed
and repeated STS were not associated with flexed truncal pos-
ture in our study. Studies in the general older population report
variable findings regarding the relationship with gait speed,
which may be due to differences in the severity of flexed truncal
posture of participants.32,33 Nevertheless, flexed truncal pos-
ture is associated with poorer postural control during walking,
even when gait speed is maintained.33 A flexed truncal posture
necessitates compensatory changes in the lower limbs, trunk,
and upper limbs that may affect the ability to maintain balance
while walking.10,33 In addition, it is plausible that flexed trun-
cal posture negatively affects the ability to turn in the TUG
test and contributes to the characteristic “en bloc” movement
of the head and trunk observed during turning in people with
PD.34 35
Overall, our findings suggest that flexed truncal posture
has a negative effect on mobility and balance and may con-
sequently have implications for fall risk.33,36 Flexed truncal
posture is a potential target for physical interventions, to ei-
ther improve or possibly prevent its development. Exploring
the efficacy of treating flexed truncal posture in people with
PD is an area worthy of further investigation. Future studies
should evaluate a broader range of impairments in participants
with mild to severe flexed truncal posture to identify other fac-
tors that might contribute to flexed truncal posture in people
with PD.
This study has a number of limitations. Our group of
participants had relatively mild flexed truncal posture12 and
people with severe cardiovascular disease or musculoskeletal
or orthopedic conditions were excluded. While we found no
association between truncal posture and cognition as measured
by the FAB, we cannot preclude that there may be a relationship
between truncal posture and cognition. Participants with an
MMSE score less than 24 were excluded. All testing was done
while participants were “on” medication; thus, we cannot draw
conclusions on the associations of PD impairments with flexed
truncal posture when “off” medication. Overall, our group of
participants had mild to moderate PD, so further studies should
evaluate people with more severe PD as well as a greater range
of flexed truncal postures.
CONCLUSIONS
Global axial symptoms had the strongest association
with flexed truncal posture but nevertheless a multivariate
model, including axial symptoms, accounted for only 14%
of the variance in truncal posture. Further exploration of
the pathogenesis of flexed truncal posture in PD is required.
Greater flexed truncal posture is associated with poorer per-
formance in a number of balance and mobility tasks. Fur-
ther studies are warranted to explore the relationship between
flexed truncal posture and function as well as to examine the
effect of intervention on truncal posture.
Copyright © 2017 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.
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APPENDIX 
Description and reliability of impairment and balance and mobility measures. 
Published online as supplementary digital content http://links.lww.com/JNPT/A165 
Test Description Reliability 
Impairment measures 
MDS-UPDRS 
motor 
examination1 
(0-132)  
Observer rating scale of PD motor impairments 
(e.g. rigidity, tremor, bradykinesia) across multiple 
body parts and a small number of mobility items 
(e.g. gait, arising from a chair). All items can be 
rated as 0 (normal), 1 (slight), 2(mild), 3 (moderate) 
or 4 (severe). 
PD: Internal 
consistency1: 
Cronbach’s alpha 0.93 
New freezing of 
gait 
questionnaire2 
(0-29) 
Self-report questionnaire for people with PD. 
9 questions to determine the presence, severity 
and impact of freezing during walking, turning and 
gait initiation. 
PD: Reliability2: pre- 
and post- viewing a 
video showing 
examples of freezing 
ICC=0.78 
Reactive 
stepping1,3 
(0-8) 
Sum of the push and release test3 and the postural 
stability item of the MDS-UPDRS motor 
examination.1 
The push and release test requires standing 
participants to lean backwards into the examiners 
hands until the participant’s centre of mass is 
outside the base of support. The examiner then 
removes their hands and the participant is rated on 
their ability to recover balance (0-4).  In the postural 
stability test of the MDS-UPDRS motor 
examination, participants are rated on their ability to 
respond to displacement (applied by the examiner) 
of the participants’ centre of mass backwards (0-4).  
PD: Push and release 
test – inter-rater 
reliability3 ICC=0.83 
PD: Pull test – inter-
rater reliability4 
ICC=0.71  
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Sway on foam, 
eyes closed5,6 
(mm) 
Participants stand barefoot and as still as possible 
on a 7mm medium-density foam rubber mat with 
their eyes closed for 30s.  A swaymeter attached at 
waist level measures postural sway path length in 
millimetres. 
PD: Test-retest 
reliability6 – ICC=0.51 
Frontal 
assessment 
battery7 (0-18) 
A short cognitive and behavioural battery to assess 
frontal lobe function. Subtests measure 
conceptualization, mental flexibility, motor 
programming, sensitivity to interference, inhibitory 
control and environmental autonomy. 
General population 
including people with 
PD: Internal 
consistency: 
Cronbach’s alpha 0.78 
Inter-rater reliability7 
K=0.87 
Balance and mobility measures – tasks not requiring a change in base of support 
Functional reach8 
(cm) 
Participants reach as far forward as possible 
without overbalancing and the distance is 
measured in centimetres. 
PD: test-retest 
reliability9 ICC=0.84 
Lateral reach10 
(cm) 
Participants reach as far as they can to each side 
without overbalancing. Distance reached is 
measured in centimetres and mean distance 
reported. 
PD: Test-retest 
reliability6 ICC=0.62-
0.81 
Single leg stand11 
(s) 
Participants stand on one leg as long as possible 
without losing balance (up to 30 s).  Both sides are 
tested and mean time reported. 
PD: Test-retest 
reliability11 ICC=0.50-
0.94 
Co-ordinated 
stability12 
Measures the ability to adjust balance in a steady 
and co-ordinated way. A sway-meter is attached to 
the participant’s waist with a pen attached to the 
rod anteriorly. Participants must follow a convoluted 
track with the pen, taking them to the limits of their 
PD: Test-retest 
reliability6 ICC=0.50 
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stability. An error score is calculated from 
deviations from the track. 
Balance and mobility measures – tasks requiring a change in base of support 
Timed Up and 
Go13 (s) 
Time taken to stand from a chair, walk 3m at self-
selected speed, turn and walk back to sit in the 
chair. 
PD: Test-retest 
reliability6 ICC=0.97 
Timed Up and Go 
(cognitive)14 (s) 
Time taken to stand from a chair, walk 3m at self-
selected speed, turn and walk back to sit in the 
chair while counting aloud backwards by 3’s from a 
randomly selected number. 
PD: Inter-rater 
reliability6 ICC=0.55 
10 metre walk 
speed (m/s) 
Time taken to walk the middle 10m of a 14m track 
is recorded and converted to m/s. The test is 
performed at both “comfortable” and “fast” speeds. 
PD: Test-retest 
reliability9 ICC = 0.87 
5-repetition STS15
(stands/s) 
Time taken to stand 5 times from a 45 cm chair with 
the arms folded across the chest is recorded and 
converted to stands/s. 
PD: Test-retest 
reliability6 ICC=0.91 
Choice stepping 
reaction time16 
(steps/s) 
Participants step in a random order to one of four 
panels positioned in front and to each side. The 
time to complete 12 steps is recorded and 
converted to steps/s. 
PD: Test-retest 
reliability6 ICC=0.74 
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Flexed posture in Parkinson’s disease: Associations with non-motor impairments and 
activity limitations 
 
Abstract 
Background: People with Parkinson’s disease (PD) are twice as likely to develop flexed 
truncal posture as the general older population. Little is known about the mechanisms 
responsible beyond associations with age, axial motor impairments and disease severity. 
Objective: To explore (i) the associations of the non-motor impairments of PD with flexed 
posture and (ii) the relationships of flexed posture with activity limitations. 
Design: Cross-sectional study. 
Methods: Seventy people with PD participated. Posture was measured in standing as the 
distance between the seventh cervical vertebra and a wall. Non-motor impairments of 
cognition, depression, pain, fatigue and proprioception; and activity performance including 
upper limb activity, bed transfers, respiratory function and speech volume; were variously 
assessed using objective measures and self-report questionnaires. Univariate and 
multivariate regression analyses were performed to ascertain relationships between non-
motor impairments and truncal posture, as well as between truncal posture and activities. 
Results: Greater disease severity, higher axial impairment, poorer spinal proprioception, 
greater postural fatigue and male gender were significantly associated with flexed truncal 
posture (p<.05). The multivariate model containing these factors in addition to age 
explained 31% of the variability in flexed truncal posture, with male gender and axial motor 
impairment continuing to make independent contributions.  A significant association (p<.05) 
was found between greater flexed truncal posture and poorer upper limb activity 
performance and respiratory function. 
- 49 -
Limitations: Participants had mild-moderate disease severity. 
Conclusions: Spinal proprioception and postural fatigue were the only non-motor 
impairments to make significant contributions to flexed posture. Given the negative 
influence of flexed posture on upper limb activity and respiratory function, interventions 
targeting spinal proprioception and postural awareness should be considered for people 
with PD who may develop flexed posture. 
Keywords: Posture, Parkinson disease, Non-motor impairment, Activities of daily living 
Manuscript word count: 3834 
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Introduction 
People with Parkinson’s disease (PD) are twice as likely to develop excessively flexed truncal 
posture as the general older population.1,2 Suggested underlying mechanisms include 
rigidity, dystonia, impaired proprioception and soft tissue changes,3 however much of this 
research has investigated more extreme forms of postural abnormalities such as 
camptocormia or Pisa syndrome, rather than the milder “stooped” posture observed in 
many people with PD. In our previous work we found that axial motor impairments were a 
significant contributor to flexed posture, but none of the other motor impairments of PD 
(tremor, rigidity, bradykinesia) were associated with flexed truncal posture.4  
 
The non-motor impairments of PD are more common in those with greater axial 
impairment5 and are potential contributors to flexed truncal posture in this population, 
though to date they have been largely overlooked. Proprioception is known to be impaired 
in the limbs of people with PD,6 and may also be affected in the trunk.7 As feedback from 
the trunk influences the muscle activity required to maintain upright posture,8 impairments 
in truncal proprioception could contribute to changes in truncal posture. In people with 
camptocormia, back pain has been correlated with greater severity of flexed posture,9 and a 
study of 400 people with PD reported worse posture (as measured with the Unified 
Parkinson Disease Rating Scale [UPDRS] item 3.13) in those with low back pain than in those 
without.10 Fatigue11,12 depression11,13 and impaired cognition9,14 have all been linked with 
changes in truncal posture in the general older population and in people with PD.  
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Flexed truncal posture adversely affects the performance of many everyday activities. In 
both the general older population and people with PD, flexed truncal posture is associated 
with reduced balance,4,15,16 altered gait biomechanics4,16 and an increased risk of falls.2,17 
Most of the research into the effects of flexed posture on activity and participation has 
focused on activities involving the lower limbs. A recent systematic review examining the 
association of thoracic posture with shoulder pain, range of motion and function failed to 
identify any studies with shoulder function as an outcome, although the authors concluded 
that greater flexed truncal posture was associated with reduced shoulder flexion and 
abduction range.18 One study of healthy adults used the Jebsen Taylor Hand Function Test 
to assess upper limb use while adopting different truncal postures.19 When participants 
adopted a flexed truncal posture, their performance worsened in some of the activities 
tested, namely dominant hand simulated feeding and lifting heavy cans, and non-dominant 
hand page turning and lifting small objects.19 These reports should be interpreted with 
caution, as participants were simulating a flexed posture, but they suggest that truncal 
posture may influence performance of upper limb activities. In the general older population 
flexed truncal posture is also associated with self-reported difficulty with a number of 
activities of daily living including outdoor activities and housework,20 and lower health-
related quality of life.21 Further, respiratory function may be compromised with a 
correlation reported between severity of flexed truncal posture and reduction in vital 
capacity.22 This respiratory compromise may contribute to an increased incidence of 
mortality in people with greater flexed posture.23 It has also been suggested that flexed 
truncal posture could affect speech production due to compensations at the neck and 
laryngeal area for the altered trunk position.24 
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Given the potential adverse consequences of flexed truncal posture, coupled with the 
increased incidence of this condition in people with PD and its known association with axial 
motor impairment, it is important to explore the associations of the non-motor impairments 
of PD with flexed truncal posture. It is also important to improve our understanding of what 
activity limitations flexed truncal posture might be associated with, in addition to balance 
and mobility tasks, in people with PD. 
 
Our research aims therefore were twofold: (i) to determine whether common non-motor 
impairments of PD are associated with flexed truncal posture, and (ii) to investigate the 
relationship between flexed truncal posture and activity limitations; after adjusting for 
factors known to influence truncal posture and these activities. 
 
Methods 
Participants  
Seventy-one community-dwelling participants with idiopathic PD were recruited for this 
cross-sectional study from a private rehabilitation hospital and a University database of 
research volunteers. Volunteers were included if they were aged ≥ 40 years and were able 
to mobilise independently with or without a walking aid. Volunteers were excluded if they 
suffered any other neurological conditions, unstable orthopaedic or cardiovascular 
conditions which would limit their ability to undergo the assessment procedures, or had 
significant cognitive impairment (Mini-Mental State Examination <24).25 Participants with 
known osteoporosis, thoracic fractures or spinal fusion surgery were also excluded. Testing 
was conducted when each participant’s antiparkinsonian medication was working optimally, 
typically 1-2 hours after administration. Outcome measures were administered by one of 
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two trained assessors, either at the private rehabilitation hospital or at a University facility. 
Some of the self-reported outcomes obtained from questionnaires were completed by the 
participant prior to attending the testing session. All participants gave written informed 
consent prior to testing between 30 September 2015 and 16 January 2018, and approval 
was gained from the relevant Human Ethics Committees. This study conforms to STROBE 
guidelines (Figure 1). 
 
Measures 
A number of PD specific measures were taken including part III (motor section) of the 
Movement Disorders Society sponsored version of the UPDRS (MDS-UPDRS),26 Hoehn and 
Yahr stage27 and time since PD diagnosis. An axial subscore was calculated from the motor 
examination of the MDS-UPDRS in line with previous work to reflect global axial motor 
symptoms.28 This is the sum of: neck and leg rigidity (item 3.3), leg agility (item 3.8), arising 
from a chair (item 3.9), gait (item 3.10), postural stability (item 3.12), posture (item 3.13) 
and lower limb resting tremor (item 3.7). The New Freezing of Gait Questionnaire 
(NFOGQ)29 was used to determine the presence of freezing of gait (FOG). 
 
The common non-motor impairments in PD were measured as follows. Cognition was 
evaluated using the Montreal Cognitive Assessment (MoCA).30 Depression was measured 
using the depression subscore of the Hospital Anxiety and Depression Scale.31 The pain 
severity score from the Brief Pain Inventory32 was used to measure axial pain, i.e. 
participants were asked to complete the questionnaire only if they had pain in their back, 
neck, shoulders or hips. The Fatigue Severity Scale33 was used to measure fatigue. A 5-point 
questionnaire was created to measure postural fatigue which asked participants to rate 
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“how fatiguing is it to maintain your usual posture throughout the day?”. Participants chose 
from “worst possible”, “very”, “moderately”, “a little” or “not at all”. 
 
Spinal proprioception was measured using a custom-made device which allowed the 
calculation of trunk angle in sitting. Participants were asked to move to the same position 
seven times following a standardised protocol.34 Reposition error was calculated for trials 4 
to 7 as the difference between each of these four trials and trial 1. Mean absolute spine 
reposition error in degrees was then calculated.  
 
The posture measurement was conducted with the participant standing with their back and 
bottom against a wall in their “normal” posture. The horizontal distance from the 7th 
cervical vertebrae (C7) to the wall was measured with a tape measure20 (Supplementary 
Figure). This method has demonstrated high reliability in the PD population.4,35 
 
Outcome measures for the upper limb were the 9 hole peg test36 and the Box and Block 
test,37 with the result for each test averaged across both hands. Self-reported difficulty with 
upper limb activities was measured with the Manual Ability Measure Questionnaire.38 The 
time taken to transfer from standing to supine lying and back to standing was recorded with 
a hand-held stop watch. Respiratory function was analysed using a hand-held spirometer. 
The amount of air forcibly expired in the first second (FEV1) and total amount of air expired 
(FVC) were measured and reported with reference to normative values. Low FEV1/FVC ratios 
indicate obstructive lung dysfunction whereas low FVC scores are indicative of restrictive 
lung dysfunction.39 Speech volume was measured for 30 seconds using a decibel-meter 
placed 30 cm away from the participant during normal conversation. Readings were taken 
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every 5 seconds and the scores averaged. Participants also completed the Voice Handicap 
Index40 which measures the biopsychosocial impact of any voice impairment. Difficulty 
performing activities of daily living was quantified using part II of the MDS-UPDRS and 
quality of life was measured using the Parkinson’s Disease Questionnaire-39 (PDQ-39)41 
which measures health-related quality of life over 8 domains.  
 
Statistical Analysis 
One extreme outlier for the measurement of flexed posture was evident on preliminary 
analysis. This person’s posture was more than 8 SD above the sample mean, thus, to avoid 
skewing the results, this outlier was excluded. Analysis was completed on the remaining 70 
participants using SPSS Version 24 (IBM Corp, Armonk, New York).  
 
The relationship between impairments (predictor variables) and truncal posture were 
examined with univariate and multivariate linear regression models. The multivariate model 
included predictors which had a value of p<0.1 from univariate analysis and which were not 
collinear (r<0.7) with each other, and ensured at least 10 cases per predictor to avoid model 
overspecification.42 The multivariate model also contained factors known to be associated 
with truncal posture, i.e. age and axial motor impairment. Relationships between truncal 
posture (as a predictor variable) and activities were examined with univariate linear 
regression. For each of the outcomes where truncal posture had a value of p<0.1 from 
univariate analysis, a stepwise multivariate linear regression model was developed 
incorporating the demographic factors known to influence task performance, i.e. age and 
PD severity. For multivariate analysis, significance was set at p<0.05. 
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Results 
The demographics of the 70 included participants (43 males, 61%) are presented in Table 1. 
They had moderately abnormal truncal posture with a mean C7 to wall distance of 10.4 cm 
(SD = 3.9, range = 3-23 cm) compared to normative values from the general older population 
of a mean distance of 5.2cm (range = 0-15cm).20 
 
Associations of impairments with truncal posture 
Univariate analysis revealed that male gender, greater disease severity as measured by the 
MDS-UPDRS motor section, higher axial subscore, poorer spinal proprioception and greater 
postural fatigue were significantly associated with flexed truncal posture (Table 2). Disease 
duration, cognition as measured by the MoCA, axial pain, depression and overall fatigue did 
not demonstrate significant associations with flexed truncal posture. There was a trend for 
increased age to show an association but this did not reach significance (p=0.052). Due to 
the unexpected finding of an association between flexed posture and gender, we conducted 
posthoc analyses to investigate this further. This revealed that whilst men and women were 
of similar age, men had greater disease severity than women (mean MDS-UPDRS III 37.6 for 
men and 31.0 for women). 
 
Disease severity and axial impairment were collinear, hence only axial motor impairment 
was included in the multivariate model as it had the strongest association with flexed 
posture. The multivariate model containing age, axial motor impairment, gender, spinal 
reposition error and postural fatigue explained 31% of the variability in flexed truncal 
posture (adjusted R2 = 0.31, p<0.001) (Table 3). Axial motor impairments (standardised 
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β=0.27) and male gender (standardised β=0.33) made an independent contribution to flexed 
posture within the multivariate model. 
 
Association of truncal posture with activities 
When analysed with univariate analysis (Table 4), flexed truncal posture showed a small and 
significant association with both upper limb tasks (9 hole peg test adjusted R2=0.14, 
p=0.001; box and block test adjusted R2=0.15, p=0.001). Flexed posture was also 
significantly associated with lung capacity as measured by FVC (an indicator of restrictive 
lung dysfunction), but not with FEV1/FVC ratio (an indicator of obstructive lung dysfunction). 
There was no association between flexed posture and any of the self-report questionnaires 
of activity and participation (MAM36, VHI, MDS-UPDRS II or PDQ-39) or speech volume. 
Flexed posture showed a trend towards a small association with bed transfer time (adjusted 
R2=0.03, p=0.09). 
 
The multivariate models containing truncal posture as well as other factors known to impact 
performance, i.e. age and disease severity, revealed significant associations with each of the 
activities analysed (Table 5). For both the upper limb tasks there were small-moderate 
associations between flexed posture and activity performance (9 hole peg test adjusted 
R2=0.29, p<0.001; box and block test adjusted R2=0.32, p<0.001), and flexed posture 
continued to make an independent contribution (standardised β=0.26, p=0.02; standardised 
β=-0.26, p=0.01; respectively). There was a small association between flexed posture and 
FVC (adjusted R2=0.16, p=0.002) and again, flexed posture made an independent 
contribution (standardised β=-0.41, p=0.001). 
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Discussion  
The non-motor impairments of spinal proprioception and postural fatigue, but not 
cognition, axial pain or depression explained a significant proportion of the variance in 
flexed posture. We also demonstrated that greater flexed posture is associated with poorer 
performance of objectively measured upper limb activities and respiratory function, but not 
self-reported activity performance or quality of life.  
 
Impairments 
We found that impaired spinal proprioception was significantly associated with increased 
flexed truncal posture, with a trend towards an independent contribution even when other 
factors known to affect posture were accounted for. The participants in this study had a 
mean spinal reposition error of 3.5 degrees (range 0.3-14.2 degrees) compared to the 
narrow normal range of 1.8-2.7 degrees in the general older population,34 and 53% of our 
PD participants scored above the upper limit of the normative range. This demonstrates 
that many people with mild-moderate PD have impaired spinal proprioception, a finding 
that is consistent with reports of impaired proprioception in the upper43 and lower limbs44 
and which may explain the increased reliance on visual cues to maintain postural 
orientation in people with PD.45  
 
Our previous work found an association between disease severity, particularly axial motor 
impairment, and flexed posture,4 and this study provides further evidence to support this. 
Other research has also found an association with disease severity and age.46,47 Within the 
multivariate model, gender and axial impairment made similar, independent contributions, 
but age did not show an independent association. The mean age of our participants was 75 
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years which is higher than the typical mean of 67-69 years in most cross-sectional studies of 
people with PD. This older average age may have negated the association demonstrated in 
other studies. 
 
We had the unexpected finding of an increased severity of flexed posture amongst men in 
our study. Much of the research into flexed truncal posture in the general older population 
has been conducted on women, likely due to their increased incidence of osteoporosis, a 
known risk factor for the development of flexed truncal posture.1 However, a study of 1578 
older men and women found that men were more likely to have greater flexed posture than 
women.48  PD is also known to affect slightly more men than women,49 which is reflected in 
our study demographics. In our group of participants, the men had greater motor disease 
severity than the women which may explain the relationship observed between male 
gender and greater flexed posture. 
 
Of interest was the finding that participants who reported greater levels of fatigue from 
maintaining their posture had worse flexed posture whereas a more general measure of 
fatigue showed no association. Whilst these results should be interpreted with caution as 
the self-report measure of postural fatigue we used has not been validated, fatigue is known 
to be highly prevalent and limiting in people with PD with one third identifying it as their 
most disabling impairment, and 58% placing it among their three most disabling 
impairments,50 when considering both motor and non-motor impairments. Fatigue is poorly 
understood, under recognised and difficult to treat. People with PD experience increased 
fatigue during muscle contractions compared to healthy controls,51 suggesting that people 
with PD might find maintaining an erect posture more fatiguing than people without PD. 
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We did not find an association between cognition as measured by the MoCA and flexed 
posture. Whilst an association has been reported in the literature,9 this was based on 
people with camptocormia, an extreme form of flexed posture, which may be due to 
different underlying processes than the mildly flexed posture commonly observed in people 
with PD. As disease severity is associated with both cognitive dysfunction52 and greater 
flexed posture,46 this relationship may only become evident in more advanced stages of the 
disease. It is worth noting that people with greater disease severity tend to have poorer 
cognition and thus are often excluded from participation in studies.  
 
Whilst we expected to see a relationship between axial pain and flexed posture, we did not 
find this in our sample. Participants were asked to rate the severity and impact of pain in 
their shoulder, hips, back or neck so this may have masked any relationship. A recent study 
of people with PD found 66% of participants had disabling back pain and the level of 
reported disability was significantly correlated with trunk flexion angle.46 This suggests a 
complex relationship between pain, disability and flexed posture, all of which are common 
in people with PD and requires further investigation.  
 
We excluded people with known osteoporosis or vertebral fractures, but people with PD 
have lower bone mineral density than age-matched controls53 for reasons that are unclear 
but likely multi-factorial, including reduced mobility, low vitamin D levels, side effects of 
medications, low body mass and reduced muscle strength.53 In people with PD, those with 
diagnosed osteoporosis have more severe flexed posture than those without.46 Even in the 
absence of vertebral fractures, reduced bone mineral density is associated with greater 
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flexed posture in the general older population,54 so this is likely to also be a contributing 
factor in the PD population. Future studies should consider measuring bone mineral density 
to determine its contribution to flexed posture amongst people with PD. 
 
Activities and participation 
Participants with greater flexed posture performed worse on both upper limb activity tests, 
even when other demographic factors were accounted for. However, there was no 
association between posture and self-reported difficulty of upper limb performance 
suggesting that participants have adapted their activities to accommodate their posture. 
There has been limited research into the effect of posture on upper limb activities, but a 
study analysing trunk, arm and hand movements during a reaching task found that people 
with PD use less truncal excursion than healthy controls.55 This could be exacerbated in 
individuals with flexed posture.   
 
Although it did not reach significance, we found a trend towards slower bed transfers in 
people with worse flexed posture (p=0.09). Difficulty getting in and out of bed is a 
commonly reported activity limitation in people with PD and is associated with poor sleep 
quality and high carer burden.56 In people with and without PD, reduced spinal flexibility is 
associated with greater difficulty with this task,57 so it is plausible that the stiffness 
associated with greater flexed posture is a contributing factor. When treating people who 
are experiencing difficulty with bed transfers, clinicians should consider assessing posture 
and spinal range of motion and providing interventions to address these when indicated. 
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Flexed truncal posture limits vital capacity as it creates a mechanical restriction to full 
inspiration,58 and our findings are in line with this. We found that greater flexed truncal 
posture was associated with a restrictive lung pattern as indicated by reduced FVC and there 
was a trend for a small association with obstructive lung dysfunction (reduced FEV1/FVC 
ratio) although this did not reach significance (p=0.16). People with PD are known to suffer 
from both obstructive and restrictive airway dysfunction59 and both are also associated with 
flexed truncal posture.60 It has been hypothesised that the large upper airways could be 
obstructed as they distort to follow the increased curvature of the flexed trunk,60 leading to 
a reduced rapid forced expiration. These respiratory abnormalities may contribute to the 
raised mortality associated with flexed posture23 and may also contribute to the greater 
mortality in people with PD, where pneumonia is the leading cause of death.61  
 
Whilst some authors have suggested a relationship between speech production and 
posture,24 we did not observe that in our study. Anecdotally, the assessors report that even 
though a participant may have had a soft, unclear voice overall during testing, when they 
knew their voice was being analysed, they focused on speaking loudly and clearly. A more 
covert method of analysing speech volume may have yielded different results. Nevertheless, 
the self-reported questionnaire evaluating participants’ perception of their voice also 
showed no association, suggesting that for people with mild-moderate PD there may not be 
a relationship between truncal posture and voice. 
 
Flexed posture is associated with poorer performance of a number of activities in people 
with PD including gait4 and balance4,15 as previously shown, and upper limb activities and 
respiratory function as we have demonstrated in this study. Thus, it is important to 
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implement either preventative or therapeutic strategies which target flexed posture itself, 
as well as addressing the potentially modifiable risk factors including spinal proprioception 
and axial impairments. Many studies in the general older population have shown 
improvements in posture following targeted interventions. Common components are spinal 
extensor strengthening62-64 and postural education,62,64 although more novel interventions 
such as a wearing a weighted “kypho-orthosis”65 and yoga66 have also been shown to be 
effective in the general population. 
 
Limitations and future directions 
The participants in our study had mild-moderate disease severity and mild cognitive 
impairment so our results cannot be generalised to those with more advanced disease. We 
intentionally investigated the common, mildly “stooped” posture and only measured 
posture in the sagittal plane, thus we are unable to draw conclusions about the association 
of non-motor impairments with lateral deviations or severe postural abnormalities. In 
addition, the measure of posture used was a simple one, providing an overall impression of 
the participant’s posture but giving limited insights into the nature of the postural 
abnormality. Postural changes distally, e.g. at the hips or knees, could also influence this 
measurement. 
 
To our knowledge, no other non-motor impairments have been shown to be associated with 
flexed truncal posture in either the PD or general older populations, however some may 
warrant further investigation. Autonomic dysfunction, sleep disturbances and apathy are 
more common in those with PD than without, and are major determinants of health-related 
quality of life.5  
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All testing was completed whilst participants were “on” medication, therefore we cannot 
draw conclusions about the association of non-motor impairments with posture, or 
associations of posture with activity, when “off” medication. Both motor and non-motor 
impairments are known to fluctuate,67 thus it is possible that different relationships would 
be observed during “on” compared to “off” times. When medical management is optimal, 
most activities are performed when “on”, however bed transfers are a task that is often 
performed when “off”. Given that our result approached significance, it may be worth 
considering investigating this activity during “off” time. 
 
Conclusion 
Non-motor impairments of spinal proprioception and postural fatigue along with age, male 
gender and axial motor impairment explained 31% of the variance in flexed truncal posture 
in people with PD. Greater flexed truncal posture is associated with poorer performance in 
upper limb activities and respiratory function in people with PD. Clinicians should consider 
regular monitoring of posture in people with mild-moderate PD. Interventions designed to 
improve spinal proprioception and postural awareness as well as addressing the potentially 
remediable axial motor impairments of gait and balance may be beneficial. 
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Table 1: Participant demographics (N = 70) 
Demographic Variable Mean (SD) or N (%) Range 
Age (years) 75.09 (8.54) 54-89 
Gender (male) 43 (61%)  
Hoehn and Yahr stage (1-5) 
 Stage 1 
 Stage 2 
 Stage 3 
 Stage 4 
 
12 (17%) 
36 (51%) 
19 (27%) 
3 (4%) 
1-4 
PD duration (years) 6.89 (5.80) 0-22 
MMSE* (0-30) 27.66 (1.99) 24-30 
Posture†(cm) 10.37 (3.89) 3-23 
Impairments   
MDS-UPDRS III (0-132) 35.06 (14.01) 2-74 
Axial motor impairmenta (0-44) 11.62 (6.10) 0-28 
NFOGQ (Part 1 - yes) 23 (33%)  
Montreal Cognitive Assessment* 
(0-30) 
24.07 (3.62) 16-30 
Hospital Anxiety and Depression 
Scale: depression subscore (0-21) 
5.00 (3.08) 0-13 
Fatigue Severity Scale (9-63) 35.70 (12.96) 9-58 
Postural fatigue (0-4) 1.44 (1.00) 0-4 
Brief Pain Inventory: severity (0-
10) 
2.00 (2.15) 0-8 
Spinal reposition error (degrees) 3.45 (2.80) 0.27-14.2 
Activities and Participation   
9 hole peg test average of L & R 
(sec) 
66.19 (26.84) 36.4-174.4 
Box and block test* average of L 
& R (no.) 
88.49 (20.59) 28-131 
Manual Ability Measure 36* (0-
144) 
124.44 (19.50) 18-144 
Bed transfers (sec) 13.13 (14.10) 3.45-82.00 
% predicted FVC* 88.21 (22.21) 16-128 
FEV1/FVC ratio (%) 60.65 (29.89) 44-91.8 
Speech volume*(decibels) 60.98 (4.44) 52.12-72.67 
Voice Handicap Index (0-120) 21.66 (20.10) 0-79 
MDS-UPDRS II (0-48) 12.83 (6.74) 1-32 
PDQ39 (%) 21.22 (11.96) 1.35-44.5 
†Posture measured as distance from the seventh cervical vertebra to the wall in standing 
* High score = better performance. For all other measures, a high score indicates poorer 
performance  
a Axial motor impairment is a subscore derived from the MDS-UPDRS comprised of leg resting 
tremor, neck and leg rigidity, leg agility, sit-to-stand, postural instability, posture, gait28  
MMSE: Mini-Mental State Examination; MDS-UPDRS: Movement Disorders Society sponsored 
Unified Parkinson’s Disease Rating Scale; NFOQG: New Freezing of Gait Questionnaire; FVC: Forced 
Vital Capacity; FEV: forced expiratory volume; PDQ39: Parkinson’s Disease Questionnaire 39 
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Table 2: Univariate associations with flexed posture 
 
* High score = better performance. For all other measures, a high score indicates poorer 
performance 
MDS-UPDRS: Movement Disorders Society sponsored Unified Parkinson’s Disease Rating Scale; 
HADS: Hospital Anxiety and Depression Scale
Predictor variables Adjusted R2 Unstandardised Β (95%CI) P value 
Age (years) 0.04 0.11 (-0.001-0.21) 0.05 
Gender (male) 0.15 3.19 (1.43-4.95) 0.001 
Disease duration (years) 0.004 -0.09 (-0.25-0.69)  0.26 
MDS-UPDRS III (0-132) 0.04 0.07 (0.001-0.13) 0.048 
Montreal Cognitive Assessment (0-30)* -0.01 -0.08 (-0.34-0.18) 0.54 
Axial motor impairment (0-44) 0.13 0.24 (0.09-0.38) 0.001 
Brief Pain Inventory: severity (0-10) -0.01 -0.03 (-0.16-0.11) 0.72 
HADS: depression subscore (0-21) 0.01 0.19 (-0.11-0.49) 0.26 
Fatigue Severity Scale (9-63) -0.01 0.01 (-0.52-0.80) 0.80 
Spinal reposition error (degrees) 0.07 0.40 (0.07-0.72) 0.02 
Postural fatigue (0-4) 0.05 -0.95 (-1.86- -0.04) 0.04 
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Table 3: Multivariate predictors of flexed posture (Adjusted R2 = 0.31, p < 0.001)   
 
Predictor variables Unstandardised B (95% CI) Standardised β P value 
Age (years) 0.05 (-0.05-0.15) 0.11 0.33 
Male gender 2.64 (1.00-4.27) 0.33 0.002 
Axial motor impairment (0-44) 0.17 (0.03-0.32) 0.27 0.02 
Postural fatigue (0-4) -0.63 (-1.43-0.18) -0.16 0.13 
Spinal reposition error (degrees) 0.27 (-0.02-0.56) 0.19 0.07 
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Table 4: Univariate analyses of associations between posture and activities and participation 
 
Outcome Adjusted R2  P value Unstandardised Β (95% CI) 
9-hole peg test (sec) 0.14 0.001 2.63 (1.09-4.18) 
Box and block test* (no.) 0.15 0.001 -2.12 (-3.29 - -0.94) 
Manual Ability Measure 36* (0-144) -0.02 0.93 0.05 (-1.11-1.30) 
Bed transfer time (sec)  0.03 0.09 0.74 (-0.11-1.60) 
Percent predicted FVC* 0.18 <0.001 -0.09 (-3.32 - -1.09) 
FEV1/FVC ratio 0.02 0.16 0.02 (-0.01-0.05) 
Speech volume* (decibels) 0.00 0.90 0.02 (-0.26-0.28) 
Voice handicap index (0-120) -0.02 0.92 0.06 (-1.19-1.31) 
MDS UPDRS II (0-48) 0.002 0.28 0.23 (-0.19-0.64) 
PDQ39 total (0-156) -0.01 0.48 0.26 (-0.48-1.01) 
FVC: Forced Vital Capacity; FEV: Forced expiratory volume; MDS-UPDRS: Movement Disorders 
Society sponsored Unified Parkinson’s Disease Rating Scale; PDQ39: Parkinson’s Disease 
Questionnaire 39
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Table 5: Multivariate models examining associations between flexed truncal posture and activity   
 9 hole peg test Box and block test* Percent predicted FVC* Bed transfer time 
Adjusted R2 (p-value) 0.29 (<0.001) 0.32 (<0.001) 0.16 (0.002) 0.06 (0.06) 
 β^ P β^ P β^ P β^ P 
Flexed posture* (cm) 0.26 0.02 -0.26 0.01 -0.41 0.001 0.14 0.26 
MDS-UPDRS motor* (0-132) 0.23 0.04 -0.29 0.01 0.02 0.88 0.25 0.048 
Age (years) 0.31 0.01 -0.29 0.01 -0.10 0.38 0.03 0.79 
β^ = standardised β 
* High score = poorer performance 
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Figure 1: Participants 
Potentially eligible 
participants 
n = 93
Excluded 
n = 23 
Medically unsuitable (n = 3) 
Poor cognition (n = 5) 
Osteoporosis (n = 2) 
Back surgery (n = 2) 
Thoracic fractures (n = 1) 
Poor English (n = 1) 
Declined to participate (n = 
9)
Eligible participants 
n = 71 
Participants included in analysis 
n = 70 
Recruitment source: 
In-patients (n = 19) 
Day-patients (n = 26) 
Community (n = 256) 
Outliers 
excluded from 
analysis 
n = 1 
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Supplementary Figure. C7 to wall measurement.  
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies  
 
Flexed truncal posture in Parkinson’s disease: associations with non-motor impairments and 
activity limitations 
 
 Item 
No Recommendation 
Reported 
on page no 
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 
abstract 
2 
(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found 
2-3 
Introduction  
Background/rationale 2 Explain the scientific background and rationale for the investigation being 
reported 
4-5 
Objectives 3 State specific objectives, including any prespecified hypotheses 6 
Methods  
Study design 4 Present key elements of study design early in the paper 6 
Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection 
6-7 
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants 
6-7 
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable 
7-9 
Data sources/ 
measurement 
8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group 
7-9 
Bias 9 Describe any efforts to address potential sources of bias 6-7 
Study size 10 Explain how the study size was arrived at 10 
Quantitative 
variables 
11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why 
7-9 
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 
confounding 
9-10 
(b) Describe any methods used to examine subgroups and interactions n/a 
(c) Explain how missing data were addressed n/a 
(d) If applicable, describe analytical methods taking account of sampling 
strategy 
n/a 
(e) Describe any sensitivity analyses n/a 
Results  
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed 
10, 34 
(b) Give reasons for non-participation at each stage n/a 
(c) Consider use of a flow diagram 34 
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Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders 
10, 28-29 
(b) Indicate number of participants with missing data for each variable of 
interest 
n/a 
Outcome data 15* Report numbers of outcome events or summary measures 10-12, 28-29 
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 
and their precision (eg, 95% confidence interval). Make clear which 
confounders were adjusted for and why they were included 
10-12, 30-33 
(b) Report category boundaries when continuous variables were categorized n/a 
(c) If relevant, consider translating estimates of relative risk into absolute risk 
for a meaningful time period 
n/a 
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses 
n/a 
Discussion  
Key results 18 Summarise key results with reference to study objectives 12 
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias 
18-19 
Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence 
12-17 
Generalisability 21 Discuss the generalisability (external validity) of the study results 12-19 
Other information  
Funding 22 Give the source of funding and the role of the funders for the present study and, 
if applicable, for the original study on which the present article is based 
n/a 
 
*Give information separately for exposed and unexposed groups. 
 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available 
at www.strobe-statement.org.
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APPENDIX 
Description and reliability of impairment and outcome measures 
Test Description Reliability 
Impairments 
MDS-UPDRS motor 
examination1 
(0-132) 
Observer rating scale of PD motor impairments (e.g. 
rigidity, tremor, bradykinesia) across multiple body 
parts and a small number of mobility items (e.g. gait, 
arising from a chair). All items are rated as 0 
(normal), 1 (slight), 2(mild), 3 (moderate) or 4 
(severe). 
PD: Internal consistency: Cronbach’s 
alpha 0.931 
New freezing of gait 
questionnaire2 
(0-28) 
Self-report questionnaire for people with PD. 
9 questions to determine the presence, severity and 
impact of freezing during walking, turning and gait 
initiation. 
PD: Reliability: pre- and post- viewing a 
video showing examples of freezing 
ICC(1,1)=0.782 
Montreal Cognitive 
Assessment (MoCA)3 
(0-30) 
A short test to screen for mild cognitive dysfunction. 
It tests 7 areas: visuospatial/ executive, naming, 
memory, attention, language, abstraction and 
orientation. A score above 26/30 is considered 
normal. 
PD: Discriminant validity for any 
cognitive disorder - receiver 
operating characteristic area under 
the curve 0.79 95% CI 0.72-0.874 
Hospital anxiety and 
depression scale 
(HADS): depression 
subscore5 
(0-21) 
A brief, self-rated questionnaire which provides 
subscores for anxiety and depression.  
PD: Internal consistency Cronbach’s 
alpha 0.886 
Fatigue severity scale7 
(9-63) 
A 9 item scale which measures both the subjective 
experience of fatigue, and the impact of fatigue on 
daily activities 
PD: Internal consistency Cronbach’s 
alpha 0.948; Test-retest (Brazilian 
version) ICC=0.919 
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Brief Pain Inventory: 
severity subscore10 
(0-10) 
A questionnaire to measure chronic pain which 
records pain intensity and interference with daily 
activities. Participants were asked to complete this 
with reference to axial pain only, i.e. pain in their 
back, neck, hips or shoulders. 
Chronic pain: Internal consistency 
Cronbach’s alpha 0.85 for severity 
component severity component10 
Spinal proprioception 
(deg) 
Spine reposition error in sitting is measured using a 
custom-made device. A standardized protocol11 is 
followed with blindfolded participants initially flexing 
their trunk as far forward as possible. After returning 
to upright, they are asked to flex to 2/3 of the fully 
flexed position. They repeat this a further 6 times, 
returning to upright between each trial. The absolute 
error for trials 4 to 7 is calculated and averaged. 
General younger population: Reliability 
of trials 4-7 ICC (3,1) = 0.79, 95% CI 0.71- 
0.86, SEM 0.28°11 
Validity: comparison to a motion 
capture movement analysis system 
found ICC (3,1) 0.99 95%CI 0.55, 0.99; 
SEM 0.4711 
Activities 
9 hole peg test12 
(s) 
A test of fine motor upper limb function. Participants 
place 9 pegs into holes on a board one at a time, 
then remove them as quickly as possible. 
PD:  test-retest reliability dominant 
hand r=0.88, non-dominant r=0.9113 
Box and block test12 
(number of blocks) 
A test of gross upper limb function requiring 
participants to move as many blocks as possible from 
one side to the other of a divided box in 1 minute. 
Each hand is tested separately.  
General population: 
Inter-rater reliability r =1.00 (left hand) 
and 1.00 (right)12 
Test-retest reliability at 6 month 
intervals rho coefficient = 0.94 (left) 
and 0.98 (right)12 
Validity compared to Minnesota rate 
of manipulation test r = 0.9112 
Manual ability 
measure (MAM) 14 
(0-144) 
A 36 item questionnaire where participants rate their 
ability to perform functional upper limb tasks on a 
four-point scale.  
Rasch person reliability 0.83-0.94, item 
reliability 0.85-0.9815 
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Bed transfers 
(s) 
Time taken to transfer from standing to supine, and 
from supine to standing on a 50cm high plinth. 
Residential care dwellers: Test-retest 
ICC 0.916 
PD: Test-retest ICC 0.77-0.817 
Spirometry 
(%) 
Forced expiratory volume 1 (FEV1) is the amount of 
air forcefully expired in the 1st second, forced vital 
capacity (FVC) is the total amount of air forcefully 
expired. 
PD: within subject coefficient of 
variability FEV1 = 7.84%, FVC = 6.71%, 
FEV1/FVC = 4.17%18 
Speech volume 
(Db) 
Measured during normal conversation using a hand-
held decibel meter. 
Reliability: Class II device accurate to 
within 2.3dB19 
In PD: Test-retest Pearson’s 
correlation coefficient 0.8220 
Voice Handicap 
index21 
(0-120) 
30 questions designed to determine the impact of 
dysphonia in 3 areas – functional, physical and 
emotional.  
Patients attending a voice clinic: test-
retest reliability r=0.9221 
Validity: compared to self-assessment 
of severity of voice problem r=0.6021 
Participation 
Parkinson’s disease 
questionnaire 39 
(%) 
A 39 item self-report questionnaire on a 5-point 
ordinal scale, which assesses Parkinson’s disease 
specific overall health related quality of life.22 There 
are 8 domains: mobility, ADLs, personal 
relationships, stigma, cognition, communication, 
bodily dysfunction. 
PD: Internal reliability of summed 
score Cronbach’s alpha 0.84-0.8922 
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CHAPTER 4 
This thesis had three primary aims: (i) establish the test-retest reliability of the C7 to wall measure 
(ii) investigate the associations of the motor and non-motor impairments of PD with flexed posture 
and (iii) to explore the relationship of flexed posture with activity limitations in people with PD. 
Study 1 established the test-retest reliability of a simple measure of flexed posture and investigated 
the association of motor impairments with flexed posture as well as the association of flexed 
posture with gait and balance. Study 2 explored the association of non-motor impairments with 
flexed posture as well as the association of flexed posture with other activity limitations such as 
upper limb activity performance. The following chapter will summarise the main findings of both 
studies, discuss the limitations of the thesis, identify areas for further research and explore the 
clinical implications. 
 
SUMMARY OF MAJOR FINDINGS 
The simple and clinically feasible C7 to wall measurement of “usual” truncal posture was found to 
have high test-retest reliability in people with PD. It is therefore a suitable method of assessing and 
monitoring truncal posture (in the sagittal plane) in people with PD. 
The impairment most strongly associated with flexed posture was axial motor impairment. None 
of the other cardinal motor impairments of PD (tremor, rigidity, bradykinesia and postural 
instability) demonstrated an association with flexed posture. Of the non-motor impairments, a 
significant association between spinal proprioception and postural fatigue was found with flexed 
posture. The non-motor impairments of cognition, pain, depression and overall fatigue were not 
associated with flexed posture. In addition to these PD impairments, a significant relationship 
between disease severity, age and flexed posture was found. Study 2 found an association between 
male gender and flexed posture but this was not found in Study 1. The multivariate model including 
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motor impairments accounted for only 14% of the variability in flexed posture.  When motor and 
non-motor impairments were included in the model, 31% of the variability in flexed posture was 
explained.  Nevertheless, a large proportion of the variance in flexed posture remains unexplained, 
suggesting that other, as yet unidentified factors must also be contributing to flexed posture. 
Greater flexed posture was associated with poorer performance of several activities. There was a 
small but significant association between flexed posture and many balance tasks. This includes all 
tasks which required leaning (functional and lateral reach and co-ordinated stability scores) as well 
as single leg standing and choice stepping reaction time. Greater flexed posture was associated with 
slower performance of the TUG test but not walking speed or repeated sit-to-stand. Flexed posture 
was associated with poorer upper limb activity performance, with slower completion of the 9-hole 
peg test and less blocks moved in the box and block test. In addition, flexed posture was associated 
with poorer respiratory function, in particular reduced FVC indicating restrictive lung dysfunction. 
 
LIMITATIONS OF THE THESIS 
We intentionally restricted our investigations to one form of postural abnormality i.e. mildly flexed 
truncal posture in the sagittal plane. Investigating lateral postural abnormalities as well as the more 
severe form of flexed posture i.e. camptocormia is outside the scope of this thesis and is an area in 
which further research is required. It should be noted however, that the incidence of these more 
extreme forms of postural abnormalities is significantly lower than the milder form of flexed 
posture that we investigated. Camptocormia affects only 7% of people with PD,63 and the incidence 
of antecollis and lateral deviations is even lower.59 
The measure of posture used was a simple, clinically feasible one, providing limited insight into 
the participants overall posture. More sophisticated postural measures such as the spinal mouse 
 - 91 - 
 
may have yielded additional information and should be considered for use in further research in 
this area.  
Whilst our samples included participants with a wide range of age, disease severity and duration, 
for inclusion in these studies participants had to be able to mobilise independently meaning that 
those with advanced PD were excluded. Thus, the results of these studies can only be generalised 
to those with mild-moderate disease severity. Additionally, like most other published research, 
people with significant cognitive impairment were excluded from participation. Nevertheless, in 
both groups of participants with mild-moderate PD evaluated in these studies, neither showed an 
association between cognitive impairment and flexed posture, despite the use of different cognitive 
measures in the two studies.   
Longitudinal studies would allow a greater understanding of the timeline of the development of 
flexed posture and contributing factors as the cross-sectional design of these studies does not allow 
us to draw conclusions about causation, merely to observe an association. Nevertheless, the studies 
contained in this thesis have demonstrated for the first time an association between the C7 to wall 
measure of flexed posture and the motor and non-motor impairments of PD. They therefore form 
a good basis for future studies. 
 
IMPLICATIONS FOR FUTURE RESEARCH 
Whilst we identified several factors that were associated with flexed posture in people with PD, 
these only accounted for a small proportion of the variance. Thus, further research is required to 
determine which other factors might contribute to the high incidence of flexed posture in this 
population. Axial impairments should continue to be considered in future research, as they 
demonstrated a strong association with truncal posture in both studies. Non-motor impairments are 
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explored. 
There are several non-motor impairments with the potential to contribute to flexed posture which 
we did not investigate. Apathy is a common impairment73 characterised by “lack of initiative and 
effort to perform everyday activities”153p49 and has been shown to be associated with axial 
impairments.153 This lack of effort may extend to the maintenance of upright posture, particularly 
as we have found it is fatiguing to maintain upright posture. Sleep disturbances are another non-
motor impairment with the potential to influence truncal posture. In particular, excessive daytime 
sleepiness which affects up to half of people with PD154 may lead people to spend more time sitting 
and resting and contribute to the weakening of trunk extensor muscles. Additionally, people with 
PD are known to be more sedentary than the general older population due to a range of factors 
including physical and cognitive impairments.132 This sedentary behaviour may contribute to 
greater flexed truncal posture through a number of mechanisms including reduced muscle strength, 
poor habitual posture, and less vitamin D exposure (with subsequent lower bone density).  
The relationship between pain and posture is another area worthy of further investigation. We did 
not find an association between pain and truncal posture in our study, but this may be due to the 
questionnaire we used which asked participants about pain in their neck, shoulders and hips as well 
as back. Future studies should consider specifying pain in the back only which may yield different 
results.  
Given that people with PD have lower bone density than those without,84 and reduced bone density 
is associated with greater flexed posture,38 this seems a likely contributor to the high incidence of 
flexed truncal posture in people with PD. Although we excluded participants with known 
osteoporosis from our study, the finding that male gender was associated with flexed posture in 
study 2 may reflect the known increased incidence of osteoporosis in men with PD compared to 
 - 93 - 
 
women,85 which may go undiagnosed.  Therefore, future research should investigate the association 
of bone mineral density with truncal posture in people with PD.   
People with PD have weaker leg extensor muscles than the general older population.155 Similarly, 
people with PD have been found to have weaker trunk muscles than age and gender-matched 
controls.156 Whilst both trunk extensor and flexor muscles show reduced strength, the extensor 
muscles are more important in maintaining upright posture due to the effect of gravity, thus may 
be contributing to the greater flexed truncal posture observed in people with PD. Measures of trunk 
extensor strength as well as truncal range of motion may provide additional useful information. 
We found an unexpected association between greater flexed posture and less FOG in Study 1.  Post-
hoc analysis showed that the variables associated with flexed posture differed between people with 
and without FOG. Further investigation of the potentially complex relationship between flexed 
posture and FOG is warranted as some authors have suggested that flexed posture may assist gait 
initiation in people with FOG.68,71 
As mentioned previously, the C7 to wall measure, whilst simple and reliable, does not yield much 
information about the nature of the curvature of the spine so more detailed measurement tools may 
be useful in future research. Additionally, research in the post-surgical population suggests that 
anterior displacement of the thoracic spine may be a compensation for reduced lumbar lordosis, 
rather than reflecting changes in the thoracic curve itself.157 Thus, future research should consider 
measuring lumbar lordosis using a simple measure such as a plumb line158 in addition to the C7 to 
wall measure. Whilst we established the test-retest reliability of the C7 to wall measure in people 
with PD, inter-rater and intra-rater reliability have yet to be tested, as does its validity in this 
population. 
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CLINICAL IMPLICATIONS 
Given the high incidence of flexed posture in people with PD, and the negative associations with 
activity performance, the assessment and monitoring of posture in people with PD should be 
incorporated into clinical practice. The C7 to wall method has been shown to be reliable and is 
simple to administer, but other methods including inclinometers are also suitable. If using the C7 
to wall measure, it is useful for clinicians to note that the average distance for the general older 
population is 5.2cm.31 Our standard error of measurement was 1.1cm, and the minimal detectable 
change for the C7 to wall measure was calculated to be 3.0cm, meaning if a clinician observes a 
change in the C7 to wall measurement of more than 3cm, they can be 95% sure this is a real change, 
over and above measurement error. Measurements may be made of either “usual” or “upright” 
posture, but documentation must clearly note which condition is used to allow monitoring and 
identification of any change in posture. Those at higher risk of developing flexed posture appear to 
be older men with more severe disease, particularly axial impairments so they should be monitored 
more closely. 
Many studies in the general older population have reported improvements in posture following 
targeted interventions. Common components are spinal extensor strengthening51,137,159 and postural 
education,137,159 although more novel interventions such as a wearing a weighted “kypho-
orthosis”160 and yoga161 have also been shown to be effective in the general population. In people 
with PD, interventions to improve or prevent the development of flexed truncal posture should 
target both flexed posture itself, and the potentially modifiable risk factors known to be or likely to 
be associated with flexed posture. These include the axial impairments of impaired gait and 
balance, spinal proprioception and strategies to overcome fatigue. In addition, evidence from the 
general population suggests that interventions to improve muscle strength, particularly back 
extensors and bone mineral density may also be worthwhile in the PD population.  
 - 95 - 
 
A multi-modal intervention incorporating postural education, proprioceptive training and trunk 
muscle strengthening may be beneficial for people with PD. In the general older population, 
proprioception can be improved with training162 and could be incorporated into exercise programs 
for people with PD,  however the effect remains to be tested. As cues152 and tactile feedback163 
appear to be beneficial for posture and balance, incorporating these elements may be beneficial. 
Attempting to achieve an upright posture against a wall is an example of incorporating simple cues 
and provides a way for people to self-monitor their posture. Education regarding postural 
awareness and the importance of maintaining good posture both at rest and during activity137 has 
been shown to be successful in the general older population and therefore should be considered in 
the PD population.  
The prescription of exercises to improve back extensor strength should also be considered as this 
has shown to be effective in the general older population137 and may also be of benefit for people 
with PD.142 In addition to the direct effects on muscle strength, exercise is likely to be beneficial to 
address fatigue, immobility, osteoporosis risk, balance and mobility.164 Whilst the best 
management strategies for fatigue in PD are unclear, exercise has been suggested as a potentially 
useful intervention.165 
All people with PD should be screened for osteoporosis and undergo bone mineral density testing 
if deemed at high risk.166 Recommendations for treatment for people with PD are the same as for 
those without and include exercise, lifestyle modification, dietary supplementation and anti-
osteoporotic medication including bisphosphonates.84 
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CONCLUSION 
This thesis explored the association of the motor and non-motor impairments of PD with flexed 
truncal posture. Axial impairment, increased disease severity, impaired spinal proprioception, 
postural fatigue, age and male gender were found to be associated with the severity of flexed 
posture. Further research is required to identify what other factors are associated with the flexed 
truncal posture commonly observed in people with PD. 
More severely flexed truncal posture was associated with poorer performance of several balance, 
mobility and upper limb tasks, as well as restrictive respiratory dysfunction. Clinicians involved in 
the care of people with PD should consider measuring and monitoring truncal posture and 
implementing interventions targeting flexed posture itself as well as the modifiable risk factors 
associated with it. 
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Dear Dr Canning 
I am pleased to inform you that the Human Research Ethics Committee (HREC) at its 
meeting held on 6 October 2009 approved your protocol entitled “The contribution of 
motor impairments to leg muscle power in people with Parkinson's disease”. 
Details of the approval are as follows: 
Ref No.: 10-2009/12203
Approval Period: 22 October 2009 to 22 October 2010
Authorised Personnel: Dr Colleen Canning
Dr Catherine Sherrington
Dr Victor Fung
Ms Serene Paul
The HREC is a fully constituted Ethics Committee in accordance with the National 
Statement on Ethical Conduct in Research Involving Humans-March 2007 under Section 
5.1.29 
The approval of this project is conditional upon your continuing compliance with the 
National Statement on Ethical Conduct in Research Involving Humans. We draw to your 
attention the requirement that a report on this research must be submitted every 12 
months from the date of the approval or on completion of the project, whichever occurs 
first. Failure to submit reports will result in withdrawal of consent for the project to 
proceed. 
Chief Investigator / Supervisor’s responsibilities to ensure that: 
(1) All serious and unexpected adverse events should be reported to the HREC as
soon as possible.
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(2) All unforeseen events that might affect continued ethical acceptability of the project
should be reported to the HREC as soon as possible.
(3) The HREC must be notified as soon as possible of any changes to the protocol. All
changes must be approved by the HREC before continuation of the research
project. These include:-
• If any of the investigators change or leave the University.
• Any changes to the Participant Information Statement and/or Consent Form.
(4) All research participants are to be provided with a Participant Information Statement
and Consent Form, unless otherwise agreed by the Committee. The Participant
Information Statement and Consent Form are to be on University of Sydney
letterhead and include the full title of the research project and telephone contacts for
the researchers, unless otherwise agreed by the Committee and the following
statement must appear on the bottom of the Participant Information Statement. Any
person with concerns or complaints about the conduct of a research study can
contact the Deputy Manager, University of Sydney, on (02) 8627 8176 (Telephone);
(02) 8627 8177 (Facsimile) or human.ethics@usyd.edu.au (Email).
(5) Copies of all signed Consent Forms must be retained and made available to the
HREC on request.
(6) It is your responsibility to provide a copy of this letter to any internal/external
granting agencies if requested.
(7) The HREC approval is valid for four (4) years from the Approval Period stated in this
letter.  Investigators are requested to submit a progress report annually.
(8) A report and a copy of any published material should be provided at the completion
of the Project.
Yours sincerely, 
Professor D I Cook 
Chairman 
Human Research Ethics Committee 
Encl. Approved Participant Information Statement 
Approved Recruitment Advertisement 
Approved Participant Consent Form 
Approved Freezing of Gait Questionnaire 
Approved The Activities-Specific Balance Confidence Scale 
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APPENDIX B 
PARTICPANT INFORMATION STATEMENT AND CONSENT FORM – STUDY 1 
Clinical & Rehabilitation Sciences 
Faculty of Health Sciences 
ABN 15 211 513 464
 Dr Colleen Canning 
 Senior Lecturer 
 Discipline of Physiotherapy 
PO Box 170 
Lidcombe  NSW 1825 
Telephone:   +61 2 9351 9263 
Facsimile:  +61 2 9351 9278 
Email: c.canning@usyd.edu.au 
LEG MUSCLE POWER IN PARKINSON’S DISEASE 
PARTICIPANT INFORMATION STATEMENT 
You are invited to take part in a research study into leg muscle power and functional ability 
in people with Parkinson’s disease. The objectives are to determine the contribution of 
various impairments to leg muscle power in people with Parkinson’s disease and to 
determine the reliability of these measures.  The study will identify factors that contribute 
to reduced balance and poor mobility in Parkinson’s disease and it will also identify an 
optimal muscle power training protocol for improving function and reducing disability in 
people with Parkinson’s disease.  The study is being conducted by:  
Dr Colleen Canning Physiotherapy, University of Sydney 
Dr Catherine Sherrington The George Institute, University of Sydney 
Dr Victor Fung Department of Neurology, Westmead Hospital 
Ms Serene Paul Physiotherapy, University of Sydney 
You have been invited to enter this study because you: 
• have been diagnosed as having Parkinson’s disease
• are aged 40 years or older
• are able to walk independently, with or without a walking aid
If you agree to participate in this study, a physiotherapist will ask you some questions to 
ensure that it is safe and appropriate for you to participate. You will then be asked to 
attend one or two measurement sessions at the Cumberland Campus of the University of 
Sydney.  The second measurement session will be held a week after the first session, and 
each session will take a maximum of 2½ hours of your time. 
At the first measurement session you will be asked to complete the following tests: 
• Two tests of leg muscle strength.  You will be required to push as hard as possible
against a machine to record the strength of your hip, knee and ankle muscles.  For
each test, you will be asked to do approximately 10 pushes on each leg and you will
be given a rest between pushes.
• Two tests of leg muscle power.  You will be required to push as fast as possible
against a machine to record the power of your hip, knee and ankle muscles.  For
each test, you will be asked to do 6 pushes each leg and will be given a rest in
between pushes.
• A short assessment to measure the severity of your Parkinson’s disease.
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• Two short tests to measure your mental ability.
• A series of short tests to measure your balance, walking ability and ability to stand
from a chair.
• Two questionnaires to determine your walking difficulties and your feelings about
your balance.
If you agree to attend the second measurement session you will be again asked to 
complete the following tests: 
• The two tests of leg muscle strength.
• The two tests of leg muscle power.
• A series of short tests to measure your balance.
All medical procedures involve some risks, and a known risk of this study is that you may 
sustain an injury during the strength or power testing (very rare, but unknown %). 
However, the procedures outlined above are all non-invasive and testing will be conducted 
during peak effects of your medication.  During each measurement session, you will be 
given rests between the tests should you require them.  You will also be given a half hour 
rest in between the tests of leg muscle strength and leg muscle power.  Should you feel 
unsteady at any time you should stop and the researcher will provide you with a chair to 
rest.  In the unlikely event of an injury occurring, medical advice will be sought. 
All aspects of the study, including results, will be strictly confidential and only the 
investigators named above will have access to information on participants.  A report of the 
study may be submitted for publication, but individual participants will not be identifiable 
in such a report. 
While we intend that this research study furthers medical knowledge and may improve 
treatment of Parkinson’s disease in the future, it may not be of direct benefit to you. 
Participation in this study is entirely voluntary: you are not obliged to participate and - if 
you do participate - you can withdraw at any time. Whatever your decision, it will not affect 
your medical treatment, or your relationship with medical staff, the University of Sydney 
or Parkinson’s NSW. 
When you have read this information, Serene Paul will discuss it with you further and 
answer any questions you may have.  If you would like to know more at any stage, please 
feel free to contact: 
Ms Serene Paul or Dr Colleen Canning 
Telephone – 9351 9435 Telephone – 9351 9263 
Mobile – 0405 303 102 Mobile – 0415 300 337 
Any person with concerns or complaints about the conduct of a research study can 
contact the Deputy Manager, Human Ethics Administration, University of Sydney 
on (02) 8627 8176 (Telephone); (02) 8627 8177 (Facsimile) or 
human.ethics@usyd.edu.au (Email). 
This information sheet is for you to keep. 
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 Dr Colleen Canning 
 Senior Lecturer 
 Discipline of Physiotherapy 
PO Box 170 
Lidcombe  NSW 1825 
Telephone:   +61 2 9351 9263 
Facsimile:  +61 2 9351 9278 
Email: c.canning@usyd.edu.au 
PARTICIPANT CONSENT FORM 
I, .............................................................................[PRINT NAME], give consent to my 
participation in the research project: 
LEG MUSCLE POWER IN PARKINSON’S DISEASE 
In giving my consent I acknowledge that: 
1. The procedures required for the project and the time involved (including any
inconvenience, risk, discomfort or side effect, and of their implications) have been
explained to me, and any questions I have about the project have been answered to
my satisfaction.
2. I have read the Participant Information Statement and have been given the opportunity
to discuss the information and my involvement in the project with the researcher/s.
3. I understand that I can withdraw from the study at any time, without affecting my
relationship with the researcher(s) or the University of Sydney now or in the future.
4. I understand that my involvement is strictly confidential and no information about me
will be used in any way that reveals my identity.
5. I understand that being in this study is completely voluntary – I am not under any
obligation to consent.
Signed:  .................................................................................................................................... 
Name:  .................................................................................................................................... 
Date:  .................................................................................................................................... 
Research Integrity 
Research Portfolio 
Level 6, Jane Foss Russell 
The University of Sydney  
NSW 2006 Australia 
T +61 2 8627 8111 
F +61 2 8627 8177 
E ro.humanethics@sydney.edu.au 
sydney.edu.au 
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CRICOS 00026A 
Research Integrity 
Human Research Ethics Committee 
Friday, 5 June 2015 
Assoc Prof Colleen Canning 
Clinical and Rehabilitation Sciences; Faculty of Health Sciences 
Email: colleen.canning@sydney.edu.au  
Dear Colleen 
I am pleased to inform you that the University of Sydney Human Research Ethics Committee (HREC) 
has approved your project entitled “Exploration of flexed posture in Parkinson’s disease and its 
effect on activity and participation”.  
Details of the approval are as follows: 
Project No.: 2015/443 
Approval Date: 26 May 2015 
First Annual Report Due: 26 May 2016 
Authorised Personnel: Canning Colleen; Paul Serene; Forsyth Aimi; Allen Natalie; 
Documents Approved: 
Date Type Document
07/05/2015 Participant Info Statement Participant information statement 
07/05/2015 Other Type Flexed Posture Self-Rating 
07/05/2015 Questionnaires/Surveys Brief pain inventory 
07/05/2015 Questionnaires/Surveys MDS-UPDRS part II 
02/05/2015 Questionnaires/Surveys Voice handicap index 
02/05/2015 Questionnaires/Surveys Manual ability measure 36 
02/05/2015 Questionnaires/Surveys Fatigue severity scale 
02/05/2015 Questionnaires/Surveys Hospital anxiety and depression scale 
02/05/2015 Questionnaires/Surveys PDQ-39 
02/05/2015 Questionnaires/Surveys Montreal cognitive assessment 
02/05/2015 Questionnaires/Surveys New freezing of gait questionnaire 
22/04/2015 Advertisements/Flyer Flyer 
22/04/2015 Participant Consent Form Consent form 
HREC approval is valid for four (4) years from the approval date stated in this letter and is granted 
pending the following conditions being met: 
APPENDIX C 
HUMAN RESEARCH ETHICS APPROVAL - STUDY 2
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Condition/s of Approval 
 Continuing compliance with the National Statement on Ethical Conduct in Research Involving
Humans.
 Provision of an annual report on this research to the Human Research Ethics Committee from
the approval date and at the completion of the study. Failure to submit reports will result in
withdrawal of ethics approval for the project.
 All serious and unexpected adverse events should be reported to the HREC within 72 hours.
 All unforeseen events that might affect continued ethical acceptability of the project should be
reported to the HREC as soon as possible.
 Any changes to the project including changes to research personnel must be approved by the
HREC before the research project can proceed.
 Note that for student research projects, a copy of this letter must be included in the
candidate’s thesis.
Chief Investigator / Supervisor’s responsibilities: 
1. You must retain copies of all signed Consent Forms (if applicable) and provide these to the HREC
on request.
2. It is your responsibility to provide a copy of this letter to any internal/external granting agencies if
requested.
Please do not hesitate to contact Research Integrity (Human Ethics) should you require further 
information or clarification. 
Yours sincerely 
Dr Fiona Gill  
Chair 
Human Research Ethics Committee 
This HREC is constituted and operates in accordance with the National Health and Medical 
Research Council’s (NHMRC) National Statement on Ethical Conduct in Human Research 
(2007), NHMRC and Universities Australia Australian Code for the Responsible Conduct of 
Research (2007) and the CPMP/ICH Note for Guidance on Good Clinical Practice. 
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APPENDIX D 
PARTICIPANT INFORMATION SHEET AND CONSENT FORM – STUDY 2 
Discipline of Physiotherapy 
Faculty of Health Sciences 
 ABN 15 211 513 464 
 Dr Colleen Canning 
Associate Professor  
Room O221 
Cumberland Campus C430 
The University of Sydney 
NSW 2006 AUSTRALIA 
Telephone:   +61 2 9351 9263 
Facsimile:  +61 2 9351 9278 
Email: colleen.canning@sydney.edu.au 
Web: http://www.sydney.edu.au/ 
EXPLORATION OF FLEXED POSTURE IN PARKINSON’S DISEASE 
PARTICIPANT INFORMATION STATEMENT 
(1) What is this study about?
You are invited to take part in a research study about flexed posture in Parkinson’s disease. 
The aim is to identify factors that contribute to flexed posture, and to investigate the influence 
of flexed posture has on a number of different tasks including getting out of bed and speech 
production. 
You have been invited to participate in this study because you have Parkinson’s disease. This 
Participant Information Statement tells you about the research study. Knowing what is 
involved will help you decide if you want to take part in the research. Please read this sheet 
carefully and ask questions about anything that you don’t understand or want to know more 
about.  
Participation in this research study is voluntary.  
By giving your consent to take part in this study you are telling us that you: 
 Understand what you have read.
 Agree to take part in the research study as outlined below.
 Agree to the use of your personal information as described.
You will be given a copy of this Participant Information Statement to keep.
(2) Who is running the study?
The study is being carried out by the following researchers: 
• Professor Colleen Canning, Dr Natalie Allen (The University of Sydney)
• Ms Aimi Forsyth, Senior Physiotherapist (Lady Davidson Private Hospital)
• Dr Serene Paul (The George Institute for Global Health)
• Ms Riddhi Joshi (Physiotherapy Honours student, The University of Sydney)
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The study is being conducted by Mrs Aimi Forsyth and will form the basis for the degree of 
Masters of Applied Science and Ms Riddhi Joshi for whom it will be the basis for the degree 
of Bachelor of Applied Science (Physiotherapy) under the supervision of Dr Colleen Canning, 
Dr Natalie Allen and Dr Serene Paul at the University of Sydney. 
(3) What will the study involve for me?
You will undergo a single measurement session at either Lady Davidson Private Hospital, 
North Turramurra or the Faculty of Health Sciences of the University of Sydney, located in 
Lidcombe.  
During the assessment session, a number of simple, non-invasive measures will be taken: 
• Three simple measures of your standing posture. We will also take a photograph of
your standing posture to assist with our analysis
• One measure of your ability to identify and reproduce a particular sitting posture
• Three simple physical measures: one of your ability to get out of bed, two of your arm
function
• Two measures of your breathing and speech
• Six questionnaires: to evaluate your pain, mood, fatigue, ability to use your arms,
speech and the impact of Parkinson’s disease on your quality of life. If you wish, we
can send you some of the questionnaires in advance of your measurement session
and you can bring your completed questionnaires with you when you attend your
measurement session. If you begin the questionnaires at home and find you have
questions or concerns, you can contact the researchers by phone or email (details can
be found in point 11 of this information sheet) and/or complete the questionnaires
when you attend your measurement session.
• One short test to measure your thinking ability
• An assessment of the severity of your Parkinson’s disease
We may access your medical record to determine if you are eligible for participation in this 
study 
(4) How much of my time will the study take?
One session of approximately 70 minutes duration (of you choose to complete some 
questionnaires in advance of the measurement session) 
Or 
One session of approximately 90 minutes duration (if you choose to complete all questionnaires 
at the measurement session) 
(5) Who can take part in the study?
People diagnosed with idiopathic Parkinson’s disease living in the Sydney metropolitan area 
are invited to take part in the study. You will be asked some questions to ensure that you 
don’t have any medical conditions that might affect your standing posture. 
(6) Do I have to be in the study? Can I withdraw from the study once I've started?
Being in this study is completely voluntary and you do not have to take part. Your decision 
whether to participate will not affect your current or future relationship with the researchers 
or anyone else at The University of Sydney, Lady Davidson Private Hospital or Healthscope 
Operations Ltd.  
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If you decide to take part in the study and then change your mind later, you are free to 
withdraw at any time. You can do this by informing Aimi Forsyth or another investigator that 
you no longer wish to participate. 
 
If you decide to withdraw from the study, we will not collect any more information from you. 
Please let us know at the time when you withdraw what you would like us to do with the 
information we have collected about you up to that point. If you wish, your information will 
be removed from our study records and will not be included in the study results, up to the 
point that we have analysed and published the results. 
 
 
(7) Are there any risks or costs associated with being in the study? 
 
Aside from giving up your time, we do not expect that there will be any risks or costs 
associated with taking part in this study. 
 
 
(8) Are there any benefits associated with being in the study? 
 
Whilst we intend that this study furthers medical research and may improve treatment of 
Parkinson’s disease in the future, we cannot guarantee that you will receive any direct 
benefits from being in the study. 
 
(9) What will happen to information about me that is collected during the study? 
 
By providing your consent, you are agreeing to us collecting personal information about you 
for the purposes of this research study. Your information will only be used for the purposes 
outlined in this Participant Information Statement, unless you consent otherwise. 
 
Your information will be stored securely for 5 years at The University of Sydney, after 
which time it will be destroyed. Your identity/information will be kept strictly confidential, 
except as required by law, and only the investigators named and research staff employed 
on this project will have access to your information. Study findings may be published, but 
you will not be individually identifiable in these publications. 
 
Any photographs taken will be for analysis only and will not be published. 
 
We may use the information we collect for this study in future projects. By providing your 
consent you are allowing us to use your information in future projects. We don’t know at 
this stage what these other projects will involve. We will seek ethical approval before using 
the information in these future projects.  
 
 
(10) Can I tell other people about the study? 
 
Yes, you are welcome to tell other people about the study. 
 
  
 - 122 - 
 
 
(11) What if I would like further information about the study? 
 
When you have read this information, Aimi Forsyth will be available to discuss it with you 
further and answer any questions you may have. If you would like to know more at any stage 
during the study, please feel free to contact Aimi Forsyth on +61 2 9488 1462 or 
athe4670@uni.sydney.edu.au or Riddhi Joshi on 0400203054 or 
rjos8999@uni.sydney.edu.au. 
 
(12) Will I be told the results of the study? 
 
You have a right to receive feedback about the overall results of this study. You can tell us 
that you wish to receive feedback by ticking the relevant box on the consent form. This 
feedback will be in the form of a one page lay summary. You will receive this feedback after 
the study is finished. 
 
You may wish to receive a summary of the results collected during the assessment session. If 
you would like to receive these information, please tick the relevant box on the consent form.  
 
 
 
(13) What if I have a complaint or any concerns about the study? 
 
Research involving humans in Australia is reviewed by an independent group of people called 
a Human Research Ethics Committee (HREC). The ethical aspects of this study have been 
approved by the HREC of the University of Sydney [2015/443]. As part of this process, we have 
agreed to carry out the study according to the National Statement on Ethical Conduct in 
Human Research (2007). This statement has been developed to protect people who agree to 
take part in research studies. 
 
If you are concerned about the way this study is being conducted or you wish to make a 
complaint to someone independent from the study, please contact the university using the 
details outlined below. Please quote the study title and protocol number.  
 
The Manager, Ethics Administration, University of Sydney: 
• Telephone: +61 2 8627 8176 
• Email: ro.humanethics@sydney.edu.au 
• Fax: +61 2 8627 8177 (Facsimile) 
 
This information sheet is for you to keep 
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Discipline of Physiotherapy 
Faculty of Health Sciences 
   ABN 15 211 513 464  
  Dr Colleen Canning 
 Associate Professor 
  
 
Room 0221 
Cumberland Campus C430 
The University of Sydney  
NSW 2006 AUSTRALIA 
Telephone:   +61 2 9351 9263 
Facsimile:    +61 2 9351 9278 
Email:colleen.canning@sydney.edu.au 
Web:   http://www.sydney.edu.au/ 
 
EXPLORATION OF FLEXED POSTURE IN PARKINSON’S DISEASE 
 
PARTICIPANT CONSENT FORM 
 
 
I, ................................................................................... [PRINT NAME], agree to take part in this research 
study. 
 
In giving my consent I state that: 
 
 I understand the purpose of the study, what I will be asked to do, and any risks/benefits involved.  
 
 I have read the Participant Information Statement and have been able to discuss my involvement 
in the study with the researchers if I wished to do so.  
 
 The researchers have answered any questions that I had about the study and I am happy with the 
answers. 
 
 I understand that being in this study is completely voluntary and I do not have to take part. My 
decision whether to be in the study will not affect my relationship with the researchers or anyone 
else at the University of Sydney or Healthscope Operations Ltd now or in the future. 
 
 I understand that I can withdraw from the study at any time. 
 
 I understand that personal information about me that is collected over the course of this project 
will be stored securely and will only be used for purposes that I have agreed to. I understand that 
information about me will only be told to others with my permission, except as required by law. 
 
 I understand that the results of this study may be published, and that publications will not contain 
my name or any identifiable information about me. 
 
 
  
  
 
 
 
 
 
 - 124 - 
 
 
 
 
 
I consent to:  
 
• Photographs    YES  NO  
 
• Being contacted about future studies  YES  NO  
 
Feedback 
 
• Receiving feedback about my personal results  YES  NO   
 
 
• Would you like to receive feedback about the overall results of this study?  
    YES  NO  
If you answered YES, please indicate your preferred form of feedback and address: 
 
 Postal:  _______________________________________________________ 
 
___________________________________________________ 
 
 Email: ___________________________________________________ 
 
 
 
 
 
 
................................................................... 
Signature  
 
 
 
 .............. .................................................... 
PRINT name 
 
 
.................................................................................. 
Date 
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APPENDIX E 
TESTING PROTOCOL – STUDY 2 
 
Assessment will be done at Lady Davidson Private Hospital or a University of Sydney 
facility 
 
Equipment required: 
Stopwatch 
Tape measure 
Spirometer 
Plinth and chair with arm rests 
Digital camera 
Nine-hole peg test 
Box and block test 
Spinal proprioception measuring stool 
Decibel meter 
Pack of questionnaires 
 
Participants may complete the following questionnaires at home prior to the testing 
session if they choose. Their responses should be checked when they attend the testing 
session to ensure they are complete. 
 
1. Hospital anxiety and depression scale 
• A 14 item questionnaire  
• See scoring sheet to calculate subscores for anxiety and depression 
 
2. PDQ-39 Questionnaire 
• A 39 item self-report questionnaire on a 5-point ordinal scale, which assesses 
Parkinson’s disease specific overall health related quality of life. 
• 0=Never, 1=Occasionally, 2=Sometimes, 3=Often, 4=Always or cannot do at all 
 
3. Manual Ability Measures-36 (MAM-36)  
• A 36 item questionnaire where participants rate their ability to perform functional upper 
limb tasks on a four-point scale.  
 
4. Voice handicap index 
• 30 questions designed to determine the impact of dysphonia 
 
5. Fatigue severity scale 
• 9 questions which are rated from 1 (strongly disagree) to 7 (strongly agree) 
• Mean score calculated 
 
6. Self-rating of posture 
• 3 questions 
 
When the participant attends for the testing session, ensure they received a participant 
information statement and check if they have any queries. 
 
1. Consent  
• Sign consent form 
• Ensure the recording form has the DATE and TIME noted. 
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2. Demographic information 
• Obtain the following information: 
o Date of birth 
o Gender 
o Date of PD diagnosis 
o List of PD & other medications 
o Past medical & surgical history 
 
3. Mini-mental State Examination 
• Ineligible if score < 24 / 30. 
• Do not do if participant has completed this recently, obtain from file  
 
4. Montreal Cognitive Assessment (Original version 7.1) 
• Please see MOCA scoring and instructions. 
 
5. UPDRS-MDS  
• Score UPDRS-MDS (Part II) – Motor aspects of experience of daily living 
• Score UPDRS-MDS (Part III) – Motor Examination. 
 
6. Photograph 
• The participant stands in front of a blank wall in their “usual” posture 
• Take the 1st photograph of the participant facing forward 
• Move to the left side of the participant and take the 2nd photo of the lateral view  
 
7. Measure height 
• In cm 
 
For the following measures, participants should have close fitting clothes, or disrobe 
such that their spine is visible. A hospital gown should be offered. 
 
8. C7 and occiput to wall 
• Use a blank wall or door without skirting boards 
• Instructions: 
o Please stand with your back and buttocks against the wall in your usual 
posture.  
• Measure the horizontal distance from the apex of the C7 vertebral body to the wall  
and from the occiput to the wall to the nearest 0.5cm 
• Instructions: 
o Now please stand with your head and shoulders as upright as you can 
• Repeat the above measurements 
 
9. Spinal proprioception 
• Mark C7 (or T4) with a marker pen 
• Seat participant on proprioception measuring stool. The upright starting position should 
be sitting up straight with the sacrum against the backrest, with feet shoulder width 
apart, fingertips touching their ipsilateral shoulder 
• Place a blindfold on the participant 
• Instructions: 
o Please bend forward as much as you can without moving your sacrum away 
from the wood piece. Then move to a position that is 2/3 of your fully bent 
position. Try to remember this position as I am going to ask you to repeat it. I will 
measure this position then you may return to the upright position. We will repeat 
the 2/3 position for 7 trials returning to your upright position between each 
movement. 
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• Move the vertical and horizontal rulers to allow measurement to C7 (or T4) for each trial. 
Record the horizontal distance (x) and the vertical distance (y) 
• Sagittal trunk angle is calculated by the trigonometric equation theta = tan-1x/y 
• The results of trials 4-7 are used for data analysis 
 
The participant may now get redressed. 
 
10. Getting in and out of bed 
• Use a plinth at a height of 50cm. 
• Instructions: 
o This test is to see how long it takes you to get in and out of bed. When I tell you 
to, please lie down on the bed your usual manner. Are you ready? Go. Now I’d 
like you to get back up and come to a standing position. Are you ready? Go 
• The participant should lie supine on the plinth using 1 or 2 pillows but without the head 
of the plinth raised. 
• Use a stop watch to record the time taken from “go” until the participant is supine and 
again to standing 
 
Seat the participant at a chair in front of a table. 
 
11. Box and Block Test  
• The box is placed on the edge of the table in front of the participant, with the partition 
separating the two compartments. The examiner sits across from the participant, in full 
view of the box. 
• Place all 150 blocks in the compartment on the same side as the participant’s dominant 
hand. Make sure blocks are randomly arranged in the compartment. 
• Instructions: 
o “I want to see how quickly you can pick up one block at a time with your dominant 
hand. Carry it to the other side of the box and drop it. Make sure your fingertips 
cross the partition. Watch me as I show you how.” 
• The examiner demonstrates first with 3 blocks. 
• Participant will then have a 15s practice session. 
o Instructions prior to the practice session: “If you pick up 2 blocks at a time, they 
will count as 1. If you drop 1 on the floor or table after you’ve carried it over the 
partition, it still counts as 1, so don’t waste any time picking it up. If you toss 
blocks without your fingers crossing the partition, they will not be counted. Move 
as many blocks as possible regardless of their colour.” 
o If any mistakes are made during the practice period, the examiner will have to 
correct the participant before the actual test begins. 
 
• Test period 
o Start with both hands resting on the sides of the box. Start timing when you say 
“go” 
o Move as many blocks as possible, one at a time, from one compartment to the 
other for a period of 60 seconds.  
o During the test, the examiner records how many times more than one block was 
transported, or if the participant’s hand did not cross the partition. At the end of 
the test period, the examiner counts the total number of blocks carried over the 
partition, and subtract one for each time more than one block was transported or 
the participant’s hand did not cross the partition. 
• Repeat the above steps for the non-dominant hand. 
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12. Nine Hole Peg Test 
• The participant is seated at a table; tool is placed in front of participant at midline.  
• The board is arranged such that the container containing the pegs is placed on the side 
being assessed. 
• Starts with the dominant hand first 
• Provide one practice trial per arm prior to the test 
• The stop watch is started when the participant touches the first peg and stopped when 
the participant places the last peg in the container.  
• Total time is measured by a stopwatch and recorded in seconds.  
• Instructions: 
o “Pick up the pegs one at a time, using your right (or left) hand only and put them 
into the holes in any order until the holes are all filled as quickly as possible. Then 
remove the pegs one at a time and return them to the container. Stabilise the peg 
board with your left (or right) hand. This is a practice test. See how fast you can 
put all the pegs in and take them out again. Are you ready? Go!” 
o If participant does not understand instructions, a demo can be performed. 
o Repeat the instructions above again for the actual test.   
• Switch the position of the pegboard and repeat the instructions with the non-dominant 
hand.   
 
13. Speech volume 
• Examiner sits across the table from the participant 
• Place the decibel meter at a distance of 30cm in front of the participant at the height of 
the examiners ear 
• The aim is to record spontaneous, unprompted speech volume. 
Instructions: 
o I’d like to hear you talk for about half a minute. Can you tell me about your 
family including children and any grandchildren? 
• Record the reading on the decibel meter at 5 second intervals for 30 seconds. The score 
will then be averaged. 
 
14. Spirometry 
• Enter the required data into the spirometer (age, gender, height, ethnicity). Select the 
appropriate program (FEV1/FVC) 
• Participant should be seated in a chair with arms. 
• A new mouth piece is used for each participant. Nose clips should be used 
• Instructions: 
o This test is to find out how much air can be blown out of the lungs and how 
forcefully it can be blown out. Take in as deep a breath as possible. Place your 
lips around the mouthpiece to create a good seal then exhale as hard, fast, 
smoothly and completely as possible. 
• Demonstrate the action to the participant using your own mouthpiece 
• Allow 3 trials. If any are unsatisfactory, explain the manoeuvre again and allow them to 
repeat the manoeuvre. Allow at least 30 seconds rest in between each trial 
• Provide positive encouragement whilst the participant is exhaling 
• Print out the results 
 
15. New Freezing of Gait Questionnaire (NFOGQ) 
• A 9 item questionnaire to evaluate the presence, severity and impact of freezing 
 
16. Brief pain inventory 
• A questionnaire to measure chronic pain which records pain severity and impact of pain 
on daily activities 
• After marking the location of their pain on the body map, ask participants to complete the 
questionnaire with reference to pain in their hips, back, neck and shoulders only. If they 
do not have pain in these areas, they do not need to complete this scale 
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APPENDIX F 
DATA COLLECTION FORM – STUDY 2 
 
☐ Participant information sheet  
☐ Informed consent   
☐ MMSE 
☐ MoCA 
☐ UPDRS-MDS (Part II and III)  
☐ Photograph 
☐ C7 and occiput to wall 
☐ Spinal proprioception test 
☐ On and off bed 
☐ New freezing of gait questionnaire  
☐ Box and block test 
☐ Nine hole peg test 
☐ Manual Ability Measure -36 
☐ PDQ-39 Questionnaire  
☐ Speech volume 
☐ Spirometry 
☐ Voice handicap index 
☐ Hospital anxiety and depression scale 
☐ Brief pain inventory 
☐ Fatigue severity scale 
☐ Self-rating of posture  Assessor’s name:_______________
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 Date:   
Address:      General Practitioner 
 
Name:   
 
Address: 
 
Phone: 
 
Phone: 
Email: 
 
 
DOB:  _______________ 
 
Gender: Male ☐  Female  ☐    
 
In-patient/ day patient/ community participant 
 
Date of PD Diagnosis:  _______________ 
 
 
Medications: 
 Parkinson’s disease (daily dosage and times): 
 
 
 
 
 
 
 
 Time of last dose today: 
  
Other medications: 
 
 
 
 
 
 
Medical / Surgical Hx: 
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Time: ______________ 
 
Mini-mental score ( / 30):  ____________ (state if denominator not out of 30).   
Cut-off < 24. 
Montreal Cognitive Assessment ( / 30): ____________ 
Education  
o Primary     ___________yrs 
o Secondary ___________yrs 
o University ___________yrs  
o TAFE  YES   /    NO 
Comments: 
 
UPDRS-MDS – Part II: Motor aspects of experience of daily living 
2.1 Speech   ☐ 
2.2 Saliva and drooling  ☐ 
2.3 Chewing and swallowing ☐ 
2.4 Eating tasks   ☐ 
2.5 Dressing   ☐ 
2.6 Hygiene   ☐ 
2.7 Handwriting   ☐ 
2.8 Hobbies   ☐ 
2.9 Turning in bed  ☐ 
2.10 Tremor   ☐ 
2.11 Getting out of bed or car ☐ 
2.12 Walking and balance ☐ 
2.13 Freezing   ☐ 
Total      
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UPDRS-MDS – Part III: MOTOR EXAMINATION 
3a.  Is the patient on medication?  No / Yes 
3b. Patient’s clinical state:  On / Off 
3c. Is the patient on Levodopa?  No / Yes 
3c1. If yes, minutes since last dose: _____________ 
 
3.1 Speech   ☐ 
3.2 Facial expression  ☐ 
3.3 Rigidity Neck  ☐ 
(R) UL  ☐ 
(L) UL  ☐ 
(R) LL  ☐ 
(L) LL  ☐ 
3.4 Finger tapping (R) hand ☐ 
    (L) hand ☐ 
3.5 Hand movements (R) hand ☐ 
(L) hand ☐ 
3.6 Pro-sup movements (R) hand ☐ 
(L) hand ☐ 
3.7 Toe tapping (R) foot ☐ 
(L) foot ☐ 
3.8 Leg agility (R) leg  ☐ 
   (L) leg  ☐ 
3.9 Arising from chair ☐ 
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3.10 Gait   ☐ 
3.11 Freezing of gait ☐ 
3.12 Postural stability ☐ 
3.13 Posture  ☐ 
3.14 Global spontaneity of movement ☐ 
3.15 Postural tremor (R) hand ☐ 
(L) hand ☐ 
3.16 Kinetic tremor  (R) hand ☐ 
(L) hand ☐ 
3.17 Rest tremor amplitude (R) UL  ☐ 
(L) UL  ☐ 
(R) LL  ☐ 
(L) LL  ☐ 
Lip / jaw ☐ 
3.18 Constancy of rest tremor ☐ 
 
Total:  _______________ 
 
Were dyskinesias present?    No / Yes 
If yes, did these movements interfere with ratings? No / Yes 
 
 
Hoehn and Yahr stage  ☐  
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Height: 
Posture 
Photograph (usual): front view ☐   lateral view  ☐ 
C7 to wall (usual) __________ 
 
Occiput to wall (usual) __________ 
 
C7 to wall (upright) __________ 
 
Occiput to wall (upright) __________ 
 
Comments: 
 
 
Spinal proprioception 
 
 Start Full F 2/3 position 
Trial  0 1 2 3 4 5 6 7 
X (horizontal) 
 
         
Y (vertical) 
 
         
Trunk angle 
(calculate) 
θ = tan-1x/y 
         
 
 
Getting in and out of bed 
 
Time from standing to supine      
 
Time from supine to standing       
 
Comments: 
 
 
NFOGQ 
Freezer   yes/no 
Freezing severity  / 19 
Impact of freezing  / 9 
 
HADS:    Score = _________/_____ 
Use scoring sheet 
 
Anxiety subscore   Score = _________/__21_ 
 
Depression subscore   Score = _________/__21_ 
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Comments:  
 
 
 
BPI:     
 
Pain severity subscore    Score =  /10 
(Add scores for questions 3, 4, 5 and 6 then divide by 4)  
 
 
Pain interference subscore   Score =  /10 
(Add scores for questions 9a, b, c, d, e, f and g then divide by 7) 
 
Comments:  
 
Dominant hand right/left 
 
Box and Block Test 
 
Number of blocks transported in one minute   
 
Right Hand: __________ 
 
Left Hand: __________ 
 
 
9 hole peg test 
 
Right hand time (sec): __________ 
 
Left hand time (sec): __________ 
 
 
Speech volume: 
 
 5 sec 10 sec 15 sec 20 sec 25 sec 30 sec Average 
dB   
      
Comments: 
 
 
Spirometry 
 FEV1 FVC FEV1/FVC 
  
 
  
Comments: 
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MAM-36:    Score = _________/__144____ 
 
Comments:  
 
 
PDQ-39:     
 
 Mobility   /40 =   
 ADLS    /24 =   
Emotional wellbeing  /24 =    
 Stigma    /16 =   
 Social support   /12 =    If no spouse, /8 
 Cognition   /16 =    
 Communication  /12 =    
 Bodily discomfort  /12 =    
  
Comments:  
 
 
 
VHI:    Total Score = _________/__120___ 
Part I  Subscore =       / 40 
Part II  Subscore =       / 40 
Part III  Subscore =       / 40 
 
Comments:  
 
 
FSS:    Score = _________/__63 
 
Mean score (total/9) =      
 
Comments:  
 
  
Self-rating of posture: 
 
Posture rating     
 
Compared to others    
 
How fatiguing     
 
Type of fatigue    
 
